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General introduction and outline of this thesis
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??????????? ????????? ????? ??? ?? ????????? ????? ????? ???????? ??????????????
??? ???????? ??????????? ???? ???????????? ??????????? ??? ????????? ???? ?????










































The development of autoimmunity in RA starts several years before clinical 
????????? ??? ???? ???????? ???? ???????? ????????? ???????? ??? ????????? ??? ?????
????????????? ?????? ????????? ????? ???? ???????? ??? ????????? ??? ???????????????
??????????????? ?????????????? ?????????????????????????? ?? ???????? ????????????
????? ??????????? ???? ?????????????????????????? ??? ?????????????????????????
??????????????????????????????????????????????????????????????????????????????




in the development of RA. The focus of this thesis was to dissect the relevance 




tract are all colonized by microorganism; all these microorganisms (and their 
????????? ????????? ???? ????????? ??????????????? ?????? ???? ?????????? ?????? ???
the most densely populated mucosal site of the body, especially containing 
?????? ???????? ??? ????????? ?????? ???????? ???????? ????????? ????? ???? ??????????
???? ??????????? ??? ????????????????????? ???? ?????????? ??? ????????????? ????
?????? ???????? ??? ??????????? ?????????????????? ???? ???????? ????????? ???????????
?????????????????? ??? Prevotella copri ??? ???????? ????? ?????????? ??? ??????
??? ? ???????????????? ?????????? ????? ????? ??? ????????? ?????????? Prevotella 
?????????? ??? ??? ???????? ???? ???????????? ??? ?? ????????? ?????????? ???
Bacteroides???????????????????????????Lactobacillus salivarius????????????????????
????????????????????? ?????????????????????????????????????????????????????????
?????? ?? ??????? ?????? ??? ???????? ????? ?????????????? ???????? ??? ?????????????
increased abundance of Collinsella, Eggerthella, and Faecalibacterium ??????
??????????????????? ???????????????????????? ?????????????????????????????????
more Lactobacillus ???????????? ?????????? ?? ??????? ?????????????? ????? ???????
?????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
?????????????? ???????????? ???????? ????? ???????? ??????? ?? ????????????
are not well understood.
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provide a physical barrier between the lumen and the underlying lamina propria 
??????????? ????????????????????????????? ??????? ??????????????????????????????? ??????
???????????? ??????? ?????????????????????????????????????????????????????????????
????? ??????????? ???????? ???????????? ??????????????? ???????? ?? ?????? ??????




???????????????? ??????????????????????????? ????? ????????? ?????????????????
????????????????????????????????????????????????????????????????????????????????
? ??????????? ?????????????????????????????????????? ??????????????????????????
cells (Figure 2). Bacteria that breach the IEC barrier are normally phagocytosed 
??????? ????????????????????????? ??????????????????????????????????????????????












??? ????? ????? ???? ?????? ???? ???????? ??? ????? ???? ???????? ?????? ????? ???? ?????? ???
???????????????????? ??????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????





??? ????? ?????? ?????? ????? ?????? ???????? ?????????? ????? ??? ???????? ???????? ???????
IL-22 and GM-CSF and are involved in clearance of extracellular bacteria and 
?????? ???????? ??? ?????? ????? ?????? ???????? ?????? ???? ????? ???????? ??????????
???????????????? ?????????????????????????????
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??????? ??? ???? ?????????? ??? ???? ?????????????????? The epithelium consists of a single layer of 
????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????? ?????????????????????????????????????????????????????????
???????? ??????? ???? ?????????? ? ????????????? ?? ??????? ??????????? ???? ??????????? ????? ????
?????????????????????????????????????? ????????????????????? ????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????????
and eliminated by macrophages. Bacteria-derived products such as polysaccharide A (PSA) from 
???????????????????????????????????????????????????????????????????? ???????????????????????????????
???? ???????????????????????????????? ????????????? ?????????????????????????????? ???????????? ????



















































































??????????????? ???????????? ?????????????? ???? ?????????????????????????????
? ????????????????????????????????????????????????????????????? ????Bacteroides 
fragilis or with a mixture of Clostridia ???????????????????????????????????????
?????????????????????????? ??????????????????????????????????????B. fragilis on Treg 
cell development is mediated by capsular polysaccharide A (PSA), while Clostridia 
?????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????







?????????? ??????????????????? ???????????????????????????????????? ???? ??????????
microbiota is thought to contribute to the disturbed immune response and 
????????????????????????????????????????????????????????????????????
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and the development of T cell-driven autoimmune processes at sites distal from 
?????????????????????????
?????????? ???????????????????????????? ??????
Studies in germ-free (GF) mice have shown that the development of experimental 
????? ????? ????????????????? ?????? ?? ?????? ???? ???????? ??????????? ????
????? ????? ????????? ???????? ??? ???? ????????? ??? ???????????? ??? ??????
????????????????????????????????????????????????????????????? ??????????????????
?????????????????????????????? ???????????????????????????????? ??????????????
?????????????? ??????????????????? ?? ???? ?????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????? ? ??????? ??????????????????? ???? ??????
??????????????????????????????????????B. fragilis protected mice against EAE, 
a process that was shown to depend on the presence of PSA in the bacterial 
capsule which increased numbers of Treg cells in cervical lymph nodes via TLR2 
????????????????????????????????????????????????????????????????????????? ????
with Prevotella??????????? ??????????? ??? ??? ???????? ????????? ??? ??????????
???????????????????????????????????????????????????????????????????????????
?????????????????????????????????????? ????????????????? ??????????????????????
?????? ???????????????????????????????????? ???? ???????? ???????????????????
??????????? ????????suppressed Th17 responses and the development of collagen-
?????????????????????????????????????????????????? ???? ????Collinsella aerofaciens 









??? ????????? ???????? ???? ??????????? ???? ?? ????????? ?????? ??? ???? ????????
???????? ???? ???????????????? ???? ???? ????? ?????? ???? ???? ?????????? ?????
??????????????? ?????????????????????????????????????????????????????????????????
???????????? ? ?????????????????????????? ??????????????????????????????????????????
cells are one of the most abundant cell types in RA synovium, with the majority 
being CD4+??????????????????????????????????????????????????????????????????
to RA (e.g.?? ???????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????? ????????????????
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????? ?????? ?????? ????????? ???? ??? ???????? ??? ????????????? ??? ?????? ????? ???
???????????? ?????????????? ???????????????
In recent years, many animal and clinical studies have focussed on the role of IL-
????????????? ??????????????????????????????????????????????????????????????????????
?????????????????? ????????????????????????????????????????????????????????????







??? ??????? ??????????????? ????????? ?????????????????????????????????????????
?????????? ??????? ??????????????? ???? ?????? ??? ??????????? ??? ????????????
??????????????????????????????????????????????????????????????????????????????
in animal models and clinical trials only focused on IL-17 and therefore further 
???????? ??? ???????? ???? ????? ??? ????? ?????? ??? ???? ????????????? ??? ????????? ????
??????????
?? ???????????????????????????





understood. The general aim of this thesis was to advance our understanding of 
???? ???????????? ??? ?????????? ????????????????????? ??? ?????? ?????? ?????????
??????????????????? ?????????????????????????????????????? ??????????????
?????????????????????????????????????????????????
??? ???????? ??? ???????? ????????? ?????????? ???? ???????????? ??? ??????????
?????????? ??????????????????????? ??????????????????????????????? ?????????????
relevant Th cell responses, is reviewed. 
?????????????? ????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
?????????????????????????? ???????????? ??????????????????????????? ? ?????
?????????? ????? ????????? ???? ???????????? ??? ???????????? ????????? ??? ???????
????????? ????? ??????????????????? ??????????????????????? ??????????????? ???????
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?????????? ???? ??????????? ??? ?????????? ???????????? ??? ????????? ???? ?????????
???????? ???????? ?? ????? ???? ???????????????????? ????????????????????? ?????????
????????? ????????????????????? ????????????????????????????????????????????
????? ????????????????? ?????
????????????????? ?????????????????????????????????? ???? ?????????????????????
???????? ????????? ????????? ??? ????? ????? ???? ?????????? ?????????? ??????????
?????????? ??????????????????????????????????????????????????????????? ???????
????? ???? ?????????? ??? ?????????? ????? ?????? ??????????? ????? ????????? ?????????





??????????????????????? ? ????????????????????????????? ??? ???????????????????
???????????????????????????????????????????????????????????????????? ??????????
????????????????????????? ?? ???? ???????? ???????? ???????????? ????? ??????????




???????????????????????? ?????????????? ??? ?????? ?????? ????????? ??? ?????? ???
????? ????? ????? ????????? ????? ???? ?? ??????????? ?????? ??? ???? ??????????? ???





???????????? ??????? ????????????? ?????????????????????????????????????? ??????????
of the results are discussed. 
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Toll-like receptor mediated modulation
of  T cell response by commensal intestinal
microbiota as a trigger for autoimmune arthritis
Chapter 2
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In autoimmune diseases, a disturbance of the balance between T helper 17 
?????????????????????????????????????? ?????????????????????????????????????????
??? ????? ???? ????? ??? ??????????? ????????? ?????? ??????? ?????????????? ??? ???
?????????????????????????????????????????????? ??????????????????????????????
????????????? ???????????? ???????? ??????????????????????????? ??????? ?????????
?????????????????????????????????????????????????????????????????? ?????????
??? ?????????????? ????????? ???????? ???????? ????? ?????? ????? ?????????? ????
??????????? ??? ??? ?????? ????????? ??? ? ????? ???????????? ???? ???? ???????? ????
???????????????????? ??????????????????????????????????????????????????????






????? ???? ???????????? ???? ???????????? ???? ?? ????? ????????? ??? ??? ????????
???????? ????? ??? ???????????????????????????????? ??????????????????????????
measures.
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??????????? ????????? ????? ??? ?? ????????? ????? ????? ? ????????? ?????? ???







??????????????????????? ????????????????????????????? ???? ???????????????????
? ???????????? ?? ???? ????????????????? ?????????? ?? ?????????? ??? ????????????







?????????? ??????????????????????? ?????????????????????????????? ???????????????????
????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????? ???????????





Meta-analysis has shown that smoking is one of the environmental factors 
??????????? ????? ??? ????????????? ????? ??? ???????? ??? ????????? ????????????
pathogens such as Porphyromonas gingivalis and the induced periodontal 
??????????????????? ??????????????????????????????????????????????????????????
bacteria, commensal bacteria have been implicated in the pathogenesis of RA 
??????????????????????????????????????????????????????????????????????????????????
?????????? ????????????????????????????????????????????????????????
????? ??? ???? ?????????????? ??????????? ????? ??? ???? ????????? ??? ?????????? ??
????????????????????????????????????????????????????????????????????????????????
????? ????? ???? ?????? ??? ????????????? ??? ???? ?????? ???? ?????? ?????? ????????
????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????








??????? ??? ????????? ??? ????????? ?????????? ??????????? ??? ?? ????????????? ? ????? ????????? ???
????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????
????? ?????? ???????? ???????? ?????????? ???? ??????? ??????????? ???????? ????? ?????
???????????????????????????????? ?????????????????????????????????????????
???????????? ?????? ????????? ?????????? ???? ??? ????????? ??????????? ?? ??????
???????? ????????????? ??????????? ???? ?????? ??? ???????? ?????? ??????? ????
autoimmunity. The balance between Th17 cells and Tregs is strictly regulated, 
???? ? ???????? ??? ???????? ??? ???????? ????? ??????? ?????? ??? ???? ??????????










????????????? ????? ????????????????????????????? ??????????????????? ? ????????
?????????????????????????????????????????????????????? ???????????????????







for a proper development of the immune system, as germ-free (GF) mice possess 
??? ??????????????? ???????? ? ????? ??????? ?????? ??? ????? ????? ??????????
numbers of lamina propria CD4+???????????????????????????????????????????????
???????? ? ??????????????? ????????????????????????????? ?????????? ????????????
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also spleen and lymph nodes are underdeveloped in GF mice, as they contain 
??????????????????????????????????????????????????????Bacteroides fragilis into 
GF mice has been shown to induce correct development of the immune system 
?????
Ivanov et al?? ??????? ????? ???? ???????????? ??? ???? ??? ???????? ????????? ??? ???
???????????????????????????????????????????????????????????????????? ???????????????
presence of SFB has been shown to promote the development of Th17-mediated 
????? ????? ????????? ????? ??? ?????? ?????? ????? ????? ?????????????????
??????????????????????????????????????????????????? ???? ????B. fragilis, a human 
commensal, induces Tregs and prevents development of 2,4,6-trinitrobenzene 
????????? ????? ??????????????? ??????? ?????? ??? ????????? ????? ?????????? ??? ?????
with polysaccharide A (PSA), a molecule expressed by B.fragilis, induced IL-10 
?????????? ?????? ???? ?????????? ???????? ???? ?????? ???????? ?????? ??????? ?????
?????????????????????????????????????????????????????Clostridium species also 
??????????????????????????????????????????????????????????????????????????????
with mix of Clostridium species resulted in resistance to dextran sodium sulfate 
??????????????? ???????????? ???????????????????????????????????? ?????????? ???? ??
? ???????????????? ??????????????????????????????????????????????????????????
?????????????????????????????????????????????????
?? ??????? ?????? ?????????? ????????????? ???? ???????? ????????? ???? ????????? ???
?????????????????????????????? ??????????????????????????????????? ??????????????
????????? ??????????????????????????????? ???????????????????????????? ??????????
????????????????????????????? ???? ?????????????????????????????????????????????
????????????? ??????????????????????????????????????????????????????????????????
??? ????????????????????????????????? ??????????????????????????????????? ??????
?????????????????????????????????????????????????????????????????????????????????
????? ????????????????????
?????? ?????????? ??? ??? ???????????? ????? ?? ?????????????????? ??? ???? ???????????
??????????????? ???? ?????????? ??????????? ?????? ??????? ??? ?????????? ??? ??????????
???? ????????? ? ????? ????????????? ?? ????? ???????? ????????????????????? ????
????? ???????????????????????????????????????????????????????????
???????????????????????? ?????????
??????????????? ????????????? ??????????? ??? ??????????????????????????? ??????
???????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????
??? ?????? ??? ????? ????? ???????????????? ???? ????????????? ?????????? ??????
??????????????????????????????????????????????????????????????????????????????
?????????? ?????????? ?? ?? ??????? ????????? ?????????????????? ?? ???????????
???????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
???????????????????????????? ??????????????? ???? ???????????? ???????????????
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species, bacteria of the Bacteroides-Porphyromonas-Prevotella group, 




copri?????? ???????? ??? ?????????? ????????????????????? ?????? ?????????? ???P. 
copri in this study was ?????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????
??????? ?????????????? ???????? ???? ???? ??? ???????? ???? ????????? ???????? ??????
????????????? ????? ?????? ??????????? ??? ??? ???????? ?????????? ?????????????
more Lactobacilli ????????? ??? ???????? ????????? ?????? ???????????? ???? ???????
??? ????? ????????? ?????????? ???? ??????? ???????? ??? ?????????? ??????????? ???
?????????? ?????????????????????????????????????????????????? ?????????????????
development of RA. 
?????? ???????????????????????????????????????? ??????????????????????
???? ???????????? ?? ????????? ????????????????? ??????????? ?? ???????? ??? ????
?????? ?????? ?????? ?????? ?????????????????? ??????????????? ?????????? ??????
????????????????????????????????????????????????????????????????????????????
????????????????????????? ??????????????????????????????????????????????????
????? ?????? ?????????? ????? ???? ????????????? ?????? ??????? ?????????? ??????????
????? ????????????? ?? ??????????????? ?????????? ???????????? ????????? ????????
?????????????????? ??????????????????????????????????????????????????????????
???????????????????????????????????????
????? ????????? ??????????? ????????? ????????? ????? ?????????????? ????????
????? ????? ????????? ???? ??? ?????????? ????? ?????????? ?????? ???????????? ???
????? ?????????????????????????????????????????????????????????????????????
????????? ???? ????????? ?????????? ??? ??? ?????????? ????? ?????? ????????????with 
?????????????? ??????? ????????? ??? ????????? ????? ?????????? ???? ????????? ???????
??????????? ??? ?????? ????????? ??? ?????????????? ??????? ????? ?????? ???? ???
status IL-1Ra???? ????????????????????????????????????????????????????????????????
??? ???????????? ????? ???? ??? ????? ??? ????? ???? ????? ??????????? ??????????
???????????????????????????????????????
???????????????????????? ??? ?????????????????????????????????????????????















?? ?????? ????????? ???????????? ?? ?????? ??? ???????? ????? ???????? ??? ???? ?????
?????????????????????????????????????????????????????????? ???????????????????????
??????????????????????????????????????????????????????????????????????????????
??? ?????? ????? ????? ??? ?? ???? ????????? ?????????? ??? ????? ?????? ???? ????









????????? ???? ?????????? ??? ?????? ?????????? ?????????? ??????????? ?????????
the development of autoimmune diseases remains poorly understood to date, 
TLRs are most likely involved. TLRs recognize microbe-associated molecular 
???????? ??????????????????? ?????????????????????????????? ?????? ?????????
recognizes certain MAMPs; for instance, TLR2, TLR4, TLR5 and TLR9 recognize 
??????????????? ???????????????????? ??????? ?????????? ???? ????????????? ????
?????? ??????????????????????????????????????????????????????????????????????
? ??????????????????????????????????????????????????????????????????????????????
and B cells, but TLRs have also been found on resident cells, such as epithelial 
????????????????????????????
??????? ?????????? ?????? ??????? ????? ??? ???? ???????????????? ???? ?????? ???
??????????????????????????????????? ???????? ????????????????????????????? ???
?????????????????????? ??????????????????????????????????????????????????????
??????? ??????????? ??? ?????? ???????????? ????????? ????? ?????????????????????????
????????? ??? ????? ???????? ???????????? ??? ?????????????? ?????????? ????? ???
?????????? ???? ?????? ?????? ???????? ???? ??????? ??????? ???? ?? ????? ?????????
????????????????????????????????????????????????????????????????????????????????
???????????????? ??????????????????? ??????????????????? ?????? ???????????????





????? ??????????????? ???? ??? ?????? ???????? ????? ????????????? ???? ??????
?????????????????????????????????????????????
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??????? ???????????????????????????????????? ????????? ????????????????????? ?????????????????????
???????????????????????????????? ??????????????????????????????? ??? ???????????????????????????
such as CD80, CD86 and CD40 (2) and release of cytokines (3).
????????????????????????????????????????????????????????????????????????????????
to determine the type of immune response generated. For instance, it was 






????? ?????? ????????? ?????? ???? ?????? ??? ???????????? ???????? ?????? ??? ?????????
??????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????? ????????????????




?????? ??? ???? ?????????? ??? ???? ?? ????? ????????? ??? ????? ?????? ??? ???? ?????? ?????
????? ????????????? ??? ???????? ??? ????? ????????? ????????? mice, while TLR2 
??????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????? TLR2??? mice develop a more severe 
????????? ????????? ??? ?????????TLR2???? ????? ?????? ??? ?????????? ????? ?????????
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?????????? ????????? ????????? ??? ???? ?????? ???? ??????????? ????????? ?? ????????
?????????? ??? ??????? ??????????? ?????? ??? ??????? ???????? ???? ????? ?????? ???
??????? ???? ?????? ???? ????????? ????? ?????????? ????????? ??? ???? ?????? ??????
?????????????????????????????????????????????????????????????????????????????
that CX3CR1 expressing cells in the gut are more similar to macrophages than 
???? ?????????? ????? ???????????? ??????????????? ??????????????????????? ??? ????
????????????????????????????????????????????????????????? ?????????????????????
?????????????????????? ?????? ??????????????-CD11b+ DCs which also express 
???????? ?????? ?????? ?????????????????????????? ????? ??? ?????????????? ??????
CX3CR1 expressing cells were thought to be non-migratory, however a recent 
?????? ??????? ????? ?????? ?????? ??? ???????? ??? ??????????? ?????? ?????? ?????
????????????????? ?????????? ???? ??? ???? ???????? ??? ?????? ?????? ???????? ?????
???????? ??? ??? ????????? ????? ???? ?????+ CD103+ classical DC subset is mainly 
???????????? ???? ???????????? ??? ?????????? ??????? ??? ?????? ???+ T cells and 







?? ??????? ?????? ??????? ????? ???????? ????????? ????????? ???? ???????????? ???









?????????????? ???? ?????????????????? ???????????????????????????????????
?????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????









of TLRs in the gut seems to be regulated by commensal bacteria, as it was 
shown that the expression of TLR2, 3, 4 and 5 was higher in colonic epithelial 
?????? ??? ???????? ?????????????? ????? ????? ????????? ??? ??? ????? ?????? ??? ???
??????????????????????????????????????????????????????????????? ????????????
??? ???????????? ????????? ?????? ????????? ??????? ????? ????????? ????????? ???
???? ?????????? ???? ????????? ??? ????????????????????? ?????? ??? ???????? ????
???????????????????????????
TLR signaling on IEC is also important in maintaining the epithelial barrier, for 
?????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????




????????? ?????????????????????????????????? ??????? ??????????????? ?????
??????????????????????????????????????????????????????????????????????????????????
individuals with autoimmune diseases such as RA.
?????????????????????????? ?????????????????????????????? ????????????????????
an important aspect of autoimmunity. The studies discussed here indicate an 
? ???????????????????????????????????????????????????????????????????????????????
????????????????????? ??????????? ??? ???? ????????? ??????????? ??? ???????????????
????? ??????????????????????????????????????????????????????????????????????
???? ???????? ?????????????? ??????????? ??? ???????? ??????????? ????????? ??????????
???????? ?????????????????? ????????????????????????????????????
?????????????????????????????????????? ??????????????
Round et al. showed that polysaccharide A (PSA) of B. fragilis? ??????????????
????????? ??? ??????? ?????? ????????? ??? ????????? ??? ?????? ?????? ?????? ?????????
B.fragilis lacking PSA induces a Th17 response, which suggests that PSA induces 
??? ???????????????? ????????? ???????? ????????? ??? ????? ?????? ??? ?????????
it was shown that PSA of B.fragilis? ?????????????????????? ?????????? ?????????
???????????????????????????????????? ????????????????????????????? ?????????? 
???????????????????????????????????????????????????????????????????????????????
Another study showed that B. fragilis is able to release PSA in outer membrane 
??????????????????????????????????????????????????????? ??? ??????????????????
??????????????????????????
?? ??????? ?????? ??????? ????? ???????????? ??? ???? ???????? ????????+ CD11c+ 
?????????????? ??? ????????? ???????????? ????? ????? ????????????? ?????? ?????????
????????? ?????? ??? ???????????? ????? ????????????? ???? ?????????? ????????
????????? ????????? ??????????? ??? ????? ?????+ cells was able to rescue Th17 
????????? ?????? ??? ????? ???????? ??????????? ?????? ?????? ???? ??????????????
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by CD11chi CD11bhi? ???? ??? ??????? ?????????????? ??????? ???? ????????????????
????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
???????? ?? ????? ?????????? ???? ???? ??????????? ????????? ????? ??????? ??????
therefore plausible.
??????????
???????? ??????????? ???????? ????? ????? ?????????? ????????????????????? ??????
????????????????????????????????????????????????????????????????????????????????
???? ???????? ?????? ?????? ????????? ????? ???? ???? ????? ??? ????????? ?????????????




??? ???????? ???? ?????????? ?? ????? ???????? ????? ???? ???? ???? ??? ????????? ???? ??????
????? ???????????? ???? ???????????? ??????? ????? ?????????????? ??????? ???????
??? ? ??????????????????????????? ???????????????????????? ????????????????????
It remained unclear how microbiota-induced Th17 cells exactly contribute to 
?????????????? ????????????????????????????????????????????????????????????????
??????????????????????????? ?????????? ? ???????? ?????????? ??????? ???????????
??? ???????????????? ???????? ?? ?????? ???????? ???????????????????? ?????????????
????????????????????????????????????????????????????????????????????????????
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???????????? ??? ?????????? ?????????? ??????????? ???? ????? ??????????? ?????
???????? ???? ????? ????????? ???? ?????????????????????????????????? ??????????
(Il1rn-/-? ??????????????????? ??????? ???? ????? ???????? ??? ?????????????????
??????????? ????????????????????????????????????????????????????????????????
????????? ???? ??????????? ??? ?????????? ?????????????? ??? ?????? ????? ?????
??????????? ???? ??????? ??????????????? ???????????? ???? ????? ??? ??????????????
???????????????????? ????????? ??? ??????????????????????? ??????????????????????
????????????? ???? ?????????????????????????????????????? ???????????????????






???? ??????? ???????? ?????????? ??????????? ?????????????? ??? ????????????????




by fecal microbiota. Importantly, LP Th17 cell expansion and the development of 
????????????????? ?????????????????IL1rn-/-? ???? ?????????????????????????
????????????????????????????????????????????????????????????????????????????
??????????? ??? ?????????? ?????????? ???????????? i.e., reduced Helicobacter, 
Flexispira, Clostridium and Dehalobacterium?? ??????????? ????????? ??? IL1rn-/- 
????????????????????????????????IL1rn-/- mice was previously shown to depend 
???????????????????????????????????????????????????????????????????????????????
????????????????????????????????IL1rn-/- microbiota are partly TLR4-dependent. 














?????????????? ??????? ?????? ?? ???????? ????? ??? ??????????? ???? ? ??????? ?????
????????? ??????????????????? ??????????????? ?????????? ????????????????? ?????????
and natural inhibitor, the IL-1 receptor antagonist (IL-1Ra), encoded by the IL1rn 
??????????IL1rn knockout (IL1rn-/-?? ???? ????????????????? ????????? ?? ???? ?????
??????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????? ?????????????????
the mechanisms are poorly understood.
?????????????????????????????????????????????????????????????????????????????
the involvement of mucosal immune response as an underlying mechanism for 
????????????????????? ?????????????????IL1rn-/- mice, which is dependent on T 
?????????????????????????????????????????????????????????????????? ?????????? ????




?????????????? ??? ??? ?????? ???????????????????? ???????????????????????+ T 
????????? ???????????????????????????????????????????????? ??????????????????????





????????? ??????????????????? ????????? ?????????????? ???? ???????????? ???? ?????
?????????????????????????????????????? ????????????? ????? ?????????????????
???????????????????????????????????????????????????????????????????????????????
???????????????????? ??????????????????????? ???????????????????????????????????
???????????? ?????????????????????????????????????? ?? ???????????????? ??????????
????????????
?????????????????????????????????????????IL1rn-/- mice is diminished under germ-
????????????????????????? ???????????????????IL1rn-/-??????????????????????????
????????????????????????????????????? ?????????????????????????????????????????
????????????? ?????? ?????? ??? ?????????????? ???? ????????????????????? ????????
in autoimmune-prone IL1rn-/- mice to clarify the nature of the microbiota that 
???????? ???????? ??????? ?????????? ???????? ????? ????????? ?? ???? ????????
???? ????????????? ??? ???? ?????????????????? ? ????? ??????????????????????????
??????????
?????? ???????????????? ???? ????? ????? ??????????? ??? ?????? ???????????? ???
?????????????? ???????? ????? ???? ??????? ??????????????? ???????????? ?????????? ????
??????????? ??? ?????????? ????????????????????????? ????? ????? ???? ?????????
IL1rn-/-? ???????????????????????????????????????????????????????????????????????
527287-L-sub01-bw-Rogier




that is transferable to wild-type (WT) mice by the microbiota. We also provide 





IL1rn????????? ??? ?? ??????? ???????????????? ??????? ????????? ??? ??????? ????????
?????????????? ?????????????????????????? ?????????? ??????????????????????
??????????????? ???????????????????????????????????????????????????????? ???????
???????????????????? ??? ????????? ??????? ???????????????????? ??? ????????????????
???????????????????? IL1rn??? Tlr4??? mice and their IL1rn??? Tlr???? ????????????????
???????????????????????????????????????????????? ??????????????????????IL1rn??? 
Tlr2???? ???? ??????????????????????????????IL1rn??? mice in this study. 
???????????????????????????????????????
Fecal bacterial DNA from 15-week-old mice was isolated using phenol-, 
????????????? ???????? ?????????????? ?????????? ???????? ??????????? ????
performed by DNAVision (Charleroi, Belgium) on a Roche 454 GS-FLX System 
?????? ???? ????? ????? ?????????? ??? ???? ????????? ???? ?????? ?????????? ????
regions (forward primer 784F: 5’-AGGATTAGATACCCTGGTA-3’, reverse primer 
??????? ????????????????????????? ?????? ???? ????? ????????? ?????????? ??
??????????? ???????? ?????? ??? ??????????? ????????? ????? ?????????? ????????
???? ?????????? ???? ??? ????????????????? ?????????????????????????????????
?????? ??????????????? ???????????????????????????????? ??????????????????? ?????
??????????????????? ??????????????????????????????? ?????????????????????????
?????????? ????? ??????? ??? ???????????? ??? ??? ?? ????? ?????? ??? ????????
?????????? ??? ????? ???? ?????????? ????????? ???????? ?????????? ???????? ????????
????? ???? ?????????? ????????????? ?????? ????????????? ??????????? ??? ????????????
performed using UPGMA with weighted UniFrac as a distance measure as 
? ?????????? ?????? ?????????????????????????????????????????????????????????
?????????? ?? ? ??????????????????????????? ????? ??????????????????????????
??????????????????????? ????????? ???????????????? ?????????????????????????
??????????????????????????????????????????????????????????????????????????
???????? ?? ??????? ????????? ???????????????? ????? ?????????????????????????? ???
????????????????????????????????????????????????????????????????????????????????
???? ????????????????????????????????????????????????? ???? ??? ???????? ???? ????
????????????????????????????????????????????????????????????????????????????????
expression calculated as 2???? x 10,000 (Supplementary Table 3).
527287-L-sub01-bw-Rogier





IL1rn??? microbiota were transferred to WT mice by oral gavage of 200 μl of a 
homogenized IL1rn??? fecal suspension prepared in sterile PBS. Immediately 
?????????????????????? ???????????????????????????IL1rn??? mice in the same 
??????????????????????? ???????? ? ?????? ?? ? ???????? ?????? ????????? ??????????
transfer by coprophagy. The control WT mice were gavaged with their own fecal 
suspension and housed separate from IL1rn??? fecal-transplanted mice in IVC 
????????????????? ?????????????????????????IL1rn??????????????????????????????????
IL1rn????mice received either 200 μl of sterile water or 200 μl fecal suspensions of 
????????????IL1rn????????????????????????????????????????????????????????????
for 8 weeks. In some studies, IL1rn??? mice were co-housed with IL1rn???Tlr4??? mice 
for 10 days before analysis of LP T cells. 
????????????????????????????????????? ???????
?????????????????????????? ????????? ?????? ?? ????????? ????????????????? ???????
Organics), neomycin trisulfate (Sigma) and ampicillin sodium salt (Sigma) (all 1 
?????????????????????????? ??????????? ????????????????????????????????????????????
???????????? ??? ??????????????????????? ??? ????? ??????? ??????? ????? ????????
??????????? ???? ??????? ????????? ???????????? ??????????? ??????? ????? ??? ??????
?????????????? ???????? ??????????? ?????????????? ????? ????? ??????? ?????????? ???
???????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????






37 °C for three cycles of 15 minutes. LP lymphocytes were then harvested at the 
????????????????????????????????????????????????? ?????????????????????????????
culture as described below.
??????????????????????????? ???????????
SI-LP mononuclear cells (4 x 105? ????????????? ??? ?????? ??? ?? ??5? ???????????? ????
splenocytes (1 x 105????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
6 hours, as indicated in Figure Legends. SI-LP cells were also cultured for 24 hours 
in the presence of IL1rn-/- or IL1rn???Tlr4????????????? ????????????????????????????
??????????????????????????????????IL1rn-/- fecal pellets dissolved in PBS, and then 
centrifuging the suspension at 2000 rpm for 5 minutes. Cytokine levels in culture 
????????????? ???? ????????????????????????????? ????????????????????????
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For intracellular cytokine staining, SI-LP cells were incubated with PMA 
???? ??????? ???????? ?????????? ??? ??????? ???????? ???? ?????????? ?? ??? ???????
???????????????? ??? ??? ??? ???? ?? ??????? ??????????? ????????????? ??????? ??????????
???? ????????? ??????????????? ?????????????? ???????????? ??? ??????????? ????
???????????????????????????????????????????????????????????????????????????
????????????????????????????? ??????????????????????????????????????????????




??????? ??? ?? ???? ?????? ???? ???? ?????? ????????? ?????????? ????? ??? ?????? ???????
????? ?????????????????????????????????????????????????????????????????????????
??? ??? ????????????? ???? ?? ?????? ?????????? ??????????? ??? ??? ??????? ????? ????
??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
Each parameter was scored on a scale from 0-3 in a blinded manner. 
????????
?????? ????????????????????????? ????????????????????????????????? ??????????








??? ???????? ???????????????????????????????????????????????????????????? ??????
bacterial 16S rRNA genes of IL1rn-/- and age- and gender-matched WT control 
?????? ?????????????????????????????????? ?????????????? ????????????????? ????
???????? ??????????????????????????????????????????????????????????????????????
TLR2 and TLR4 in IL1rn-/- ??????????????? ???????????????????? ??IL1rn-/- Tlr2-/- and 
IL1rn-/- Tlr4-/- ?????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????? ????????????????????
as the hierarchical weighed UniFrac cluster analysis at the genus level are shown 
in Supplementary Table 1 and Supplementary Figure 1.
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Principal coordinates analysis (PCoA) based on an unweighted UniFrac analysis 
??? ????????????????????????????????? IL1rn-/- ??????????? ???????????????????????
from the WT microbiota (Figure 1A). WT and Il1rn-/- mice formed clear, separate 
???????????????????????????????????????????????????????????????????????????? ?????????
??????????? ??IL1rn-/- and IL1rn-/- Tlr2-/- ????? ?????????????????????? ?????IL1rn-/- 
Tlr4-/- ?????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
IL1rn-/-??? ??????????????? ??????? ????????? ?????????????? ???? ??????? ?????????
??????????????????????????????????????????????????????????????????????? ????????
the study by Ubeda et al?? ????? ????????? ??????? ????? ????????????? ???? ????????
????????????????? ????? ?????????????????? ?????????????????????????????????????
???????????????????????????????? ???????????????????????????????????????? ????
????? ?? ????? ??? ????????????????????????????? ???? ??????? ??????????????? ???????









??? ???????? ???????? ?????????????????????????? ?????? ????????????? ?????????????
????? ?????????????????? ????????? ??? IL1rn-/- Tlr4-/- mice (Figure 1B-F). Altogether, 






abundances of microbial taxa. Compared with WT microbiota, we found a highly 
??????????????????????????????????????????Helicobacter (P = 0.004, Bonferroni 
??????????????????????????????????????????????????? ??????????Prevotella (P = 
???????????????????????????????????????????????????????????????????????????????
IL1rn-/-? ?????????? ?????????? ??????????? ???? ?????????????? ??? ?????????? ???
Butyricimonas, Rikenella and Streptococcus by 10, 3.7 and 2.4 folds (P = 0.0048, 
?? ?? ??????? ???? ?? ?? ???????? ????????????? ??????????? ?????????????? ???????????
a decrease in ?????????????, Xylanibacter, Ruminococcus and Barnesiella by 
10, 6.9, 2.7 and 1.4 folds (P = 0.040, P = 0.0004, P = 0.0099 and P = 0.0005, 
??????????????????????????????????????????????????????????????????????????????
Table 2). ????????? ?? ?????????????????????????? ??????????????????????????????
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?????????? ?????????????????????????????????????????????????????????????????? ?????????????? ???
?? ??????????????????????? (A) Principal coordinates analysis (PCoA) based on an unweighted 





(E) PD whole tree, bootstrapped for 2000 reads per sample, averaged of 4 trials, (F) and Chao index 
??????????? ??????????????????????????????????????????????????????????????????????????????????
microbiota of WT (n=9), IL1rn-/- (n=15), IL1rn-/- Tlr2-/- (n=8) and IL1rn-/- Tlr4-/- (n=8) mice. n.s. = not 
?????????????????????????????????????????? ????????????????????????????????????????????????????
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cage #15 / litter 1

























??? ?????????? ??? ???? ???????? Clostridiaceae, genus Candidatus Arthromitus). 
Moreover, none of the 27 present OTUs assigned to the family Clostridiaceae 
????????????? ???? ?????????????? ????? ?????????? ??? ???????????????????????
???????? ?????? ????????? ???? ????? ??????????? ??? ????? ??? ?????? ???????? ??? ????
WT mice and most of the Il1rn-/- mice (Supplementary Table 3). Although WT 
????? ??????? ???????? ??????????????????? ???? ????????? ???? ????????????????????
?????????????????????????????????????????????????????????????????
???????????? ?????? ????? ???????? ????? ???????? ???? ???????? ?????????? ????? ????
regulated by the physiologic expression of IL-1Ra. Therefore, a complex set of 
????????? ?????????? ???????????????????????? ?????????????????????????????
to the autoimmune disease in IL1rn-/- mice.
??????????????????? ????????????????????????????????????????????????????????
???????????????????
??? ??????? ???? ?????? ??? ??????? ?????????? ??? ???????????? ?? ????? ?????????????
????????????????????????????????????????????????????????????????ex vivo in the 
???????????????????????????????????????????????????????????????????????????
????? ??????????????????????????????????????????????????????????????????????????
shown in Supplementary Figure 3); however, we observed a marked increase 
????????????????????????????? IL1rn-/- LPLs compared with WT LPLs (Figure 3B). 
Flow cytometry analysis of lamina propria cells of WT and IL1rn-/-??????????????
????????????????????????????????????????????????????+ CD4+ cells in IL1rn-/- mice, 
??????????- cells in LP produced similar amounts of IL-17 in WT and IL1rn-/- mice 
????????????????????????????????????????????????????????????????????????????????
?????????? ?????????? ???????????????? ????????? IL1rn-/-???????????????????? ??????
?????????????? ?????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
?????? ?????????????????????????????IL1rn-/- mice compared with WT mice (Figure 
?????????????????????????????????????????????????????????????????????????????
the Th2-related cytokine IL-4 in IL1rn-/- mice (Figure 3F).
???????????????????????????????????????????????????????????????????????????
????????????????????? ???????????????????? ???????????? IL1rn-/- microbiota to 
WT mice by oral gavage followed by immediate co-housing of the two mouse 
strains for up to 6 weeks. Transfer of IL1rn-/- ?????????????????????????????????
???????????????????????? ?????? ?????? ??????????? ????????? ???????????????? ??????
????????? ???? ???????????? ???????? ???????? ????? ???? ????? ???????? ??????? ?????




??????????????????? ?????????? ????????????? ????????????????????????????????
?????????????????????????????????????IL1rn-/- mice (not shown).
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??????? ???????????????? ??????????????????????????? ????????? ???????????????????? ???????????????
??????????????????????????????????????????????????????????????????????????????????? ?????????
?????????? ??? ????????? ?????????? ??????? ???????? ??? ??????? ??????????? ?????? ?????????? ??????
???????????????????????????????????????????????????????????????????????????????????????????????
????????? ?????????????? ???????????? ?????????????????? ??? IL1rn-/- compared with WT mice. The 
??????????????????????????????????????????????????????????????????????????????????? ????????????

















































phylumkingdom class order family genus
0.0010.01 1
40157< 0.50















??????????Il1rn-/-??????????? ?????????? ??????????????? ????????????????????????????? ???????????
??????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????
(D-F). Cells were isolated from WT and IL1rn-/- mice (A-F), or WT mice transplanted with IL1rn-/- 
feces and co-housed with IL1rn-/- ?????????????????????????????????????????????ex vivo with PMA 
and ionomycin in duplicates for 5 hours, and cytokines were measured by Luminex assay. Data 
??????????????? ?? ??????? ?? ?????????????? ?????? ????????? ???? ?????? ???? ???? ??????????? ????
?????????????????????????????????????????????????????????????????????????????????????????? ????
























































































































































































WT co-housed with IL1rn-/-
WT
WT co-housed with IL1rn-/-
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??? ?????????????????? ???? ????????? ??? ?????????? ????? ?????? ???? ????????????
????????? ??? IL1rn-/- mice depends on commensal microbiota, we established 
Germ-free (GF)  IL1rn-/- mice. Flow cytometry analysis of LPLs showed that germ-
????? ????????? ???? ??? ??????????? ?????? ??? ???? ??????????? ??? ???? ????????????
reducing the numbers of Th1 cells in SI-LP (Figure 4A and B). In contrast, both the 
?????????????????????????????????????????????? ???????????????????????????????
????????? ???????????????????? mice (Figure 4C and D). This strongly suggests 
????? ???? ??????? ???????????? ????????????? ??? IL1rn-/- mice is largely microbiota-
dependent.
In agreement with IL-17-dependence of IL1rn-/-???????????????????????? ??????????
???? ????????? ???????????? ?????? ??? IL1rn-/- mice showed a clear sustained 
?????????? ?????????????????????????????? ?????????????????? ?????????????????
???????? ????? ??? ????????? ????????? ??? ???????????? IL1rn-/- microbiota to GF 
IL1rn-/-? ???????????????????????????????????????????????????????????????????????
????? ??? ???????????? IL1rn-/- mice (Supplementary Figure 5). Therefore, IL1rn-/- 
?????????? ????????????????????????????????????????????????????????? ????????
????????????????????????????????????????????????????IL1rn-/- mice. Consistently, we 
???????????????? ??????? ???????????? ??????????????? ???????????????? ??? ???????
and most notably in joint-adjacent lymph nodes of GF mice (Figure 4F and G). 






???????????? ???????????????? ????????????? ????????????????????????????????????
???????? ????????????????????? ??????????? ????????? ???????? ??????????????????????
????????? ????????????????????? ??? ?????????????????????????? ?????? ?? ?????????
of metronidazole, neomycin and ampicillin. Treatment of 5-week-old IL1rn-/- 
???????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????? ?????????????????????????????????????
in GF mice (Figure 4C) is not due to an immature immune system and, more 
? ???????????????????????????????????????????????????????????????? microbiota. 
?????????????? ???????????? ??? ???? ????????????????? ????? ????? ???? ??? ??????
???????????????????????????????????? ??????????????????????????????????????????????
5A).
To determine which subset of IL1rn-/-? ??????????? ????????? ?????????? ??? ?????
????????? ???? ??????? ??? ??????????????? ???????????? ???????? ????????? ????????
?????????????? ?????????????? ?????????????????????????? ???????????? ??????????
527287-L-sub01-bw-Rogier




??????? ??? ????????????????????? ?????? ??????????? ????? ????????? ???? ???????????? ?????????
in IL1rn-/-?????????????????????????????????????????????????????????????????????????????????????
CD3+CD4+??????????????????????????????????????????????????????????? ????????????????????????????
??????? ??? ???????????? ????? ?????? ???? ?????????? ????? ?????? IL1rn-/-? ????? ??? ?? ??????????????
?????? ??????????????????????????????????????????????????????????????????????????????????????
and IL-4 upon ex vivo????????????????????????????????????????????????????????? ?????????????
?????????????????????????????? ?????????????????????????????? ????????????????????????????????



































































































































??????????????????? ??????? ??????? ??? ????????? ????????? ????????? ???????? ?????
????????????????????????????????????????????????????????????????????????????????
??? ????? ????????? ???? ??????? ??? ????? ????????? ?????????? ???????????
???? ???????????? ???? ??????????????????? ????? ????????? ??? ?????????? ???? ????
???????????????????? ??????????????????????????????????????? ????????????????????
?????? ????? ????????? ????? ????????? ????????? ????? ??? ??????????? ????????? ???
IL1rn-/- ????? ???????? ????? ????? ??????????? ???? ???? ??????????? ?????????????
?? ????????????????? ??????????????????????????? ???????????? ??? ???????????????
????????????????????????????????????????????????????????????????????????
fecal microbiota at the end-point of tobramycin treatment with the baseline 
??????????????????????????????????????????????????????????????????????????
?????????????? ???????????????? ??????? ?????????????Helicobacter and Flexispira 
?????? ?????????? ??? ???? ??????? ???????????????????? ??? ????????? ?? ??????? ????
?????????????????????????????????????????Clostridium and Dehalobacterium was 
observed (Supplementary Figure 7 and Supplementary Table 4). Other changes 
??? ???? ??????????? ???? ???? ?????? ???? ?????????? ???????????? ????? ???????????
?????????? ???? ???????? ???????? ??????????? ??????????????????? ??????????? ???
these indigenous IL1rn-/-? ?????????????????????????????????????????????????????????
???? ????????????????????????? ?????????????? ????????? ????????????? ?????????
??????????? ???????????? ????????? ??????????????????? ??? ????????????????????
????????????????????????????????????????????????????????????? ???????????????
(Figure 5D and E).
???????????????????????????? ???????????????????????????????????????????? 
???????????????????????????
????? ?????? ?? ?????? ????? ??? ??????????? ??? ????????????? ????????? ?????? ???
previously showed that IL1rn-/- Tlr4-/-? ???? ???? ? ?????? ??????????????????????
????????????????????????????????????????????????????????????????????????????????
????????????????? ????????????????????????????????????????????? ???????????????????
??? ???? ?????????? ??????????? ??????? ????? ??? ???????? ??? ???? ???????????????
???????????????????????????? ??? ????????????????????? ?????????????????????????? ???
Ruminococcus, Streptococcus and Xylanibacter? ???? ???????? ????????? ?? ????
and were restored in IL1rn-/- Tlr4-/- mice (Figure 6A). Abundance of Prevotella was 
???????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????IL1rn-/- mice were normalized toward the 
WT levels in IL1rn-/- Tlr4-/- mice (Supplementary Table 2).
We next examined the role of TLR4 in the mucosal T cell response in IL1rn-/- 




and IL1rn-/- Tlr4-/- mice ex vivo with autoclaved IL1rn-/-? ?????????? ????????????
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IL1rn-/-?????????????????????????????????????????????????????IL1rn-/- mice treated with a cocktail of 
??????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????????????
scores of IL1rn-/-? ??????????????????????????????????????? ???????? ??????????????????????? ??????





???????????????? ??????? ???????????????? ????????? ???????????? ?????????????????????????????
erosion in control and tobramycin-treated IL1rn-/- ?????? ???? ???? ??????? ??? ?? ?????? ??? ?????
Whitney U test.
SI-LP mononuclear cells from IL1rn-/- Tlr4-/-? ?????????????????????????????????????
????????????????????????????????????????????????????????????????????????IL1rn-/- 
fecal microbiota was partly TLR4-dependent (Figure 7B and C, P = 0.0014 and P 
????????? ????????????????????????????????????????? ??? IL1rn-/- Tlr4-/- mice was 
???????????????????????????????????? ???????????????????????????????????????????
percentage and abundance of CD11c+? ????+???????? ?????????????????????????
CD103+ CD11b+, CD103+ CD11b- and CD11b+ CD103- phagocytes were similar 
between IL1rn-/- and IL1rn-/- Tlr4-/- mice (data not shown).
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? ????????????????????????IL1rn-/- LP mononuclear cells with IL1rn-/- and IL1rn-/- 
Tlr4-/-? ?????? ?????????? ???????? ???????? ?? ????? ?????????????? ??? ??????? ??????
?????????????????????????????????????????????????????????????????????????????
of microbiota in IL1rn-/- Tlr4-/- mice as such is not responsible for the lower 
????????????? ??????????????????????????????????? ? ?????? ??????????? ????? ????
??????????????????????????????????????????????????????????????????????????????
in IL1rn-/- mice.
When cultured ex vivo with PMA and ionomycin, SI-LP cells from IL1rn-/- Tlr4-
/-? ????? ????????? ????????????? ????? ?????? ????????? ????? ?????? ????? IL1rn-/- 
Tlr4+/+ ???????????? ?????????????????????? ????????????????????????????????????
??? ????????????????????????????????????????????????? ??????????? ??????????????
????????????? ???????? ??? IL1rn-/- Tlr4-/-? ????? ??? ????? ???????? ????? ????????? ?????
??????? ??????????????????? ????????????? ????? ?????? ????? IL1rn-/- Tlr4-/- ????? ?????
?????????????????????????????????????????? ?????????? ???? ?????????????? ????
IL1rn-/- (Tlr4+/+) mice to transfer the microbiota (Figure 7G-I).
?????????????????????? ???????????????? ??? IL1rn-/- Tlr4-/- mice is a result of the 
?????????????????????????????????????????????????????? ?????????????IL1rn-/-Tlr4-/- 
versus IL1rn-/-? ?????? ?????????? ??? ??????????????? ?????? ??? ?????? ??????????
???????????????????????????????????????????????????????????IL1rn-/- Tlr4-/- mice 
???????? ????????????????? ??????? ?????????? ??????????????????????????????????
IL1rn-/- or IL1rn-/- Tlr4-/- microbiota (Supplementary Figure 9). These data suggest 










































































????????????????????????Ruminococcus, Streptococcus, Xylanibacter and Prevotella in wild-type 
(WT) (n=9), IL1rn-/- (n=15), IL1rn-/- Tlr2-/- (n=8) and IL1rn-/- Tlr4-/-??????? ????????????????????????????
????????????????????????????????????????????????????????????????????????????? ??????????
527287-L-sub01-bw-Rogier




? ??????????? ?????????? ??? ?????? ???? ???? ????? ??? ?????? ?????? ????????? ????
??????????????? ????? ???????????IL1rn-/- Tlr4-/- mice compared with IL1rn-/- mice 






???? ?????????? ??????????? ???? ???????? ??? ?? ???? ???????????? ??? ??????? ????
?????????????????????????????????????????????????????????????????????????
????????? ??? ????????? ????????? ?????? ??? ???? ??????????? ???????? ??????????
???? ???? ?????????? ? ????? ??? ????????? ??? ?? ????? ??? ?????? ????????? ???? ???
???? ???????????? ??? ????????? ???????????? ???? ??? ??? ???????? ?????????? ?????
???????????? ??????????????????????? ????????????? ???? ??????????????????????
????? ??????????????????????????????????????????????????????? ?????????????
???????????????????????????????????????????????????????????????????????? ???????
???????????? ????????????????????? ??????????????? ?????????????????????????
?????????
???? ?????? ????????? ????? ??? ?????????? ?????????? ???? ???????? ??????????
??????????? ??? ?????????????????? ????? ??????????? IL1rn-/- mice. Importantly, 
????? ??? ?????????? ?????????? ?????????? ???? ????????? ????? ?????????? ????? ??????
????? ??????????????????????????????????????????????????????????????????????
???????????????????????????????????????????IL1rn-/- mice, Streptococcus species 
?????????? ?????????????????????????????????????????? ?????? ???????????????
????????? ????????????????? ?????????? ??????????????? ??????????Helicobacter (H. 
????????) has been shown to induce IL-23 and mediate T cell-dependent gut 
??????????????? ?????????????????????????????????????????Barnesiella in 
IL1rn-/- ????? ??? ??????????????????????????? ????????????????? ?????????????????
Barnesiella ??????????????????????????????????????????????????????????????????
species of Prevotella, P. copri?? ??? ???????????????? ??? ????????????? ??????????
??? ?????? ???????? ????????? ?????? ??? ????????? ???????? ????? ?????? ????????????
????????????????????????????????????????????????????????????????????????????
On the other hand, ????????????has been reported to suppress collagen-induced 
????????? ??? ??????????? ????? ??????????? ????????????????? ????? ???????? ??????
??????????? ???? ? ??????????????? ??????? ??? ???? ???? ???????????? ??????????
Prevotella???????????????????????????? ?????????????????????? ?????????????????
?? ?????????????????????????????????????????????????????????????????????????

































































































































































































































































































































???????????? ??????????? ????? ????????? ??? ????????????????????????????????? ????????? ???????????
????????????? ?????? ?????????? ??? ??????? ?????? ???? ????? ??? ?????? ???????????? ?????? ??? IL1rn-/- 
and IL1rn-/- Tlr4-/- mice cultured in the presence of autoclaved IL1rn-/- complete fecal microbial 
????????????????????????????????????????????????????????????????????????????????????????IL1rn-/- 
and IL1rn-/- Tlr4-/- mice ex vivo? ??????????????????????? ?????????? ???? ????????? ?????? ?????????
??????????????????????????????????IL1rn-/- and IL1rn-/- Tlr4-/- mice co-housed for 10 days. Cells were 
???????????????????????????????????????????????????????????? ???????????????????
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It should also be noted that fecal bacterial community structures do not fully 
??????? ???? ????????????? ???????? ???????????????????????????????? ???????? ????
were used in this study as a proxy of the gut microbiota of the Il1rn-/- mice.
Our previous studies showed that IL1rn-/- Tlr2-/- mice develop a more severe 
???????????????????????IL1rn-/-? ??????????????????????????????????????????????
?????????????? ?????????????????? IL1rn-/- mice to a major extent (Figure 1), we 
?????????? ????????????????????? ??? IL1rn-/- Tlr2-/- mice is due to the altered host 
? ????????????????????????????????????????????????????????? ??????????????????
?????????? ??? ???? ???????????? ? ????????? ???? ????? ?????????? ????? ??? ?? ??????
???????????? ?????????????????? Il1rn-/- microbiota should be interpreted with 
???????????????????????????????????????Il1rn-/- Tlr2+/+ mice in our studies.
IL1rn-/- ????? ???? ???????? ?????????? ??? ?????????? ????? ??????? ???? ???????????
?????????? ??? ?????? ??? ???? ???????????? ??? ????????? ??? IL1rn-/- mice has been 
????????????? ???????? ?????? ????? ?????? ????? ?????????? ???? ?????????? ?????
??????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????? ???????????????????????? ???
???? ???????? ??????? ??? IL1rn-/-?????? ????? ????? ????? ???? ????? ?????????? ?????
complementary pathogenic roles in the development of IL1rn-/-? ?????????? ????
data suggest that IL-17-producing cells located in lamina propria and induced by 
IL1rn-/-?????????????????????????????????????????????+ Th17 cells (Figure 4 and 
Supplementary Figure 4). 
The expansion of LP Th17 cells in IL1rn-/- mice was caused by the dysregulated 
microbiota as ???????????? ?????? ??????????????? ????? ?????????????????????????
pathogenic link to the spontaneous ????????? ???? ????????? ??? ???? ??????????
???? ????????? ?????????? ???????? ???????? ?? ???? ???? ?????? ????????? ??????? 
???????????????????????????????????????????????????????????????????????????
????? ????????????? found SFB as the responsible microorganisms. One study 
?????????????????????????????????????? ????????? ??????????????????????????????
??? ??????? ???? ??????????????????? ????????? ??? ?????? ????? ?????? ??? another 
?????????????????????????????????????????????????????????????????????????????
promote the ????????????????????????????????????????????????????????????? ????????
??????????????? ??? ???? ??????? ??? ??? ???????????????? ???????? ???????????????
???????????? ?????????? ?????? ???? ????????????? ?????????????????????? ????????
in the IL1rn-/- ???????????????????????????????????? i.e., Helicobacter, Flexispira, 
Clostridium and Dehalobacterium??????????????????????????????????????????????
in a ?????????????????????? ????? ???????????????????? ????? ???????? ?????????? ???
were not found in ????????????????????????????????? ????????????????????
????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????









?????? ????? ?????????? ????????? ????? ??? ????????? ????? ????????? ???? ???????
???????????????????????????????????????????????????????????????????????????
???? ??????????? ?? ?????? ?????? ?????????????? ?? ??????? ??? ?????? ????+ CD163low 
lamina propria cells expressing both macrophage and DC markers has been 
?????? ??? ???????? ?????? ???????? ?????? ???? ????? ????? ????? ??????????? ????
????????????????????????????????????????????????????????????????????????????
that orchestrates the phase-dependent TLR4-mediated mucosal response to 
microbiota in our studies remains to be determined. 
??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????? ??????
????????? ????? ???????? ? ??????????? ????? ??? ????????? ??? ??? ????????????????? ???
both blood monocyte-derived DCs and CD14+? ????????? ????? ???????????? ???
?????????????????????????????????????????????????????????????????????????????
???? ?????????? ???? ???????????? ??? ????????? ????????????????? ??? ?????????????
??????????????????????????????????????????????????????????????????????? ??????






??????????? ???????????? ?????????? ??? ? ???????? ? ???? ??????????? ?????????????
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free (GF) IL1rn??? mice.
????????????????????????The impact of lineage origin (A) versus IL1rn??????????????????????????????
?????? ??????????????????????????????????????????????????????????????????????????????????????????
UniFrac distance was calculated for each mouse in a colony versus all other mice of the same 
???????????????????????????????????????????????????????????????????????????????????????????????
??????????? ?????? ????????????????????? ?????????????????????????? ??????? IL1rn-/-) is shown as the 
weighted UniFrac distance for each mouse versus all other mice from either the same or the 




















































































































































































































?????????????? ??????? ??????????????? ???? ???????? ??? ???????????????? ?????? ?????? ????+ and 
????-? ?? ????? ???????????????? ??????????????????????????? ????? ????????????????? ????+ CD4+ 
IL-17+?????????????????????????????????????????????????????????????IL1rn-/- mice. Error bars indicate 
????????????????????????? ???????????????????
?????????????? ??????? ??????????????? ??? ?????????? ????? IL1rn??? mice with fecal microbiota of 
????????????IL1rn???? ???????????????????????????????????????????IL1rn????mice received either 200 μl 
???????????????????????????????????????????????????????????IL1rn????  mice and were monitored for 
?????????????????????????????????? ????????????????







GF + IL1rn-/- feces
GF
*
















lymph nodes (LN) of germ-free IL1rn-/- mice. ?????? ?????????? ??? ?????? ???? ????? ????? ex vivo 
?????????? ??? ??????? ???? ?????? ????? ?????? ????? ???????????? ????? ???? ? ?????????? ??????????
with PMA and ionomycin for 6 hours, as measured by Luminex assay. n=3 mice per group each 
??????????????????????????????????????????????????????????????????????????? ???????????????????


































IL1rn-/-? ??????????????????????????????????????????????????????????? Fecal pellets were 








































































































































































































































































?????????????? ?????????? IL1rn??? and IL1rn-/- Tlr4-/- microbiota induce similar cytokine response 
?????????????????? ??????????????????????????????????????????????????????????????????????????????
propria mononuclear cells of IL1rn-/- mice cultured in the presence of autoclaved IL1rn-/- and IL1rn-/- 
Tlr4-/- ??????????????? ?????????????????????????????????????????????????????????????????????
??????????????????????. Lamina propria mononuclear cells of IL1rn-/- Tlr4-/- mice co-housed with 
IL1rn-/-?????????????????????????????????????????????????????????????????????????????????????????
propria mononuclear cells of IL1rn-/- and IL1rn-/- Tlr4-/- mice co-housed for 10 days. Cells were 







































































































































































































?????????????? ?????? ??? ???? ???????? ???? ?????? ??????? ??? ??????????? ?????? ???? ???????????
???????????????????????????????? ????????????????????????????????????????????????????????????
assigned to phylum or genus level are shown. 










WildType 4286 626 38576 617 57 5554 37890 98.2 15159 39.3 n=9
IL1rn-/- 5947 462 89200 524 28 7854 88539 99.3 37284 41.8 n=15
IL1rn-/-Tlr2-/- 5897 432 47179 661 41 5291 46461 98.5 17338 36.7 n=8
IL1rn-/-Tlr4-/- 9364 936 74910 1120 74 8957 73565 98.2 26601 31.5 n=8
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?????????????? ?????? ??? ????? ?????????? ??????????? ???????? ??????????? ??? Il1rn-/- ??????????
??????????? ??????????? ??????? ?? ????? ????? ??? ????????????? ?????????????????? ????? ??? IL1rn-/- mice 
compared to WT controls and the taxa normalized in IL1rn-/- Tlr4-/- ?????? ??????????????????????
???????????????? ?? ????? ???? ???????????? ??? ?????? ?????? ???? ?????? ??????????? ????? ???????????
????????????????????????????????????????
?  Relative abundance  Fold Change 






?  WT IL1rn-/- IL1rn-/- Tlr4-/-  
phylum Actinobacteria  0.31% 0.15% 0.25%  -1.01 0.65 
phylum Bacteroides  41.84% 23.10% 26.04%  -0.86 n.s. 
phylum Deferribacteres  0.03% 0.03% 0.09%  0.84 1.5 
phylum Firmicutes  55.52% 73.70% 68.14%  0.42 n.s. 
phylum Proteobacteria  0.34% 1.49% 3.35%  1.95 n.s. 
phylum TM7  0.03% 0.04% 0.07%  n.s. 0.72 
class Actinobacteria  0.31% 0.15% 0.25%  -1.01 0.65 
class Bacilli  19.62% 27.98% 17.29%  n.s. n.s. 
class Bacteroidia  39.77% 22.19% 25.30%  -0.85 n.s. 
class Betaproteobacteria  0.09% 0.00% 0.00%  -10 n.s. 
class Clostridia  34.62% 44.07% 48.60%  n.s. n.s. 
class Deferribacteres  0.03% 0.03% 0.09%  0.84 1.5 
class Deltaproteobacteria  0.09% 0.10% 0.27%  n.s. n.s. 
class Epsilonproteobacteria  0.00% 1.37% 3.03%  10 n.s. 
order Bacillales  0.00% 0.02% 0.04%  10 n.s. 
order Bacteroidales  39.77% 22.19% 25.30%  -0.85 n.s. 
order Burkholderiales  0.09% 0.00% 0.00%  -10 n.s. 
order Campylobacterales  0.00% 1.37% 3.03%  10 n.s. 
order Clostridiales  34.15% 43.93% 48.38%  n.s. n.s. 
order Coriobacteriales  0.29% 0.14% 0.24%  -1 0.7 
order Deferribacterales  0.03% 0.03% 0.09%  0.84 1.5 
order Desulfovirbrionales  0.09% 0.10% 0.27%  n.s. n.s. 
order Lactobacillales  18.85% 27.33% 16.67%  n.s. n.s. 
family Alcaligenaceae  0.09% 0.00% 0.00%  -10 n.s. 
family Bacteroidaceae  1.05% 3.66% 4.00%  n.s. n.s. 
family Coriobacteriaceae  0.29% 0.14% 0.24%  -1 0.7 
family Deferribacteraceae  0.03% 0.03% 0.09%  0.84 1.5 
family Desulfovibrionaceae  0.08% 0.09% 0.17%  n.s. n.s. 
family Enterococcaceae  0.03% 0.05% 0.19%  n.s. n.s. 
family Helicobacteraceae  0.00% 1.37% 3.00%  10 n.s. 
family Incertae Sedis XIV  0.16% 0.09% 0.11%  n.s. n.s. 
family Lactobacillaceae  17.52% 26.30% 15.37%  n.s. n.s. 
family Peptococcaceae  0.01% 0.03% 0.01%  1.43 n.s. 
family Porphyromonadaceae  13.82% 5.64% 5.17%  -1.27 n.s. 
family Prevotellaceae  10.85% 0.68% 3.05%  -3.97 2.17 
family Rikenellaceae  4.27% 5.05% 3.48%  n.s. n.s. 
family Ruminococcaceae  2.42% 2.68% 3.55%  n.s. 0.45 
family Staphylococcaceae  0.00% 0.02% 0.04%  10 n.s. 
family Streptococcaceae  0.02% 0.11% 0.04%  2.58 -1.23 
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? ? ??????????????????? ? ????????????






? ? ??? ????????? ????????????????? ?
????? Acetivibrio ? ????? ????? ????? ? ????? ?????
????? Alistipes ? ????? ????? ????? ? ????? ?????
????? Anaerofilum ? ????? ????? ????? ? ????? ???
????? Bacteroides ? ????? ????? ????? ? ????? ?????
????? Barnesiella ? ????? ????? ????? ? ?????? ?????
????? Blautia ? ????? ????? ????? ? ????? ?????
????? Butyricicoccus ? ????? ????? ????? ? ????? ?????
????? Butyricimonas ? ????? ????? ????? ? ??? ?????
????? Enterococcus ? ????? ????? ????? ? ????? ?????
????? Enterorhabdus ? ????? ????? ????? ? ????? ?????
????? Helicobacter  ? ????? ????? ????? ? ??? ?????
????? Lactobacillus ? ?????? ?????? ?????? ? ????? ?????
????? Mucispirillum ? ????? ????? ????? ? ????? ????
????? Parabacteroides ? ????? ????? ????? ? ????? ?????
????? Parasutterella ? ????? ????? ????? ? ???? ?????
????? Peptococcus ? ????? ????? ????? ? ????? ?????
????????????????? ? ? ????? ????? ????? ? ?????? ?????
????? Rikenella ? ????? ????? ????? ? ???? ?????
??????????????????? ? ????? ????? ????? ? ?????? ?????
????? Sporobacter ? ????? ????? ????? ? ????? ?????
????? Staphylococcus ? ????? ????? ????? ? ??? ?????
???????????????????? ? ????? ????? ????? ? ????? ??????
????? TM7 ? ????? ????? ????? ? ????? ?????
????? Wolinella ? ????? ????? ????? ? ??? ?????
??????????????????? ? ????? ????? ????? ? ?????? ?????
??????? Bacteroides acidofaciens ? ????? ????? ????? ? ????? ?????
??????? Bacteroides vulgatus ? ????? ????? ????? ? ?????? ?????
??????? Barnesiella intestinihominis ? ????? ????? ????? ? ????? ?????
??????? Clostridium sp ? ????? ????? ????? ? ????? ???
??????? Enterococcus faecium ? ????? ????? ????? ? ????? ?????
??????? Helicobacter hepaticus ? ????? ????? ????? ? ????? ???
??????? Lactobacillus acidophilus  ? ????? ????? ????? ? ??? ?????
??????? Lactobacillus johnsonii ? ????? ?????? ????? ? ????? ?????
??????? Lactobacillus reuteri ? ????? ?????? ????? ? ????? ??????
??????? mpn isolate group ? ????? ????? ????? ? ????? ??????
??????? Parabacteroides distasonis ? ????? ????? ????? ? ???? ?????
??????? Parabacteroides merdae ? ????? ????? ????? ? ??? ?????
????????????????????? ????????????? ? ????? ????? ????? ? ?????? ?????
??????? Ruminococcus gnavus ? ????? ????? ????? ? ????? ?????
??????? Staphylococcus cohnii ? ????? ????? ????? ? ??? ?????
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WildType 9 9 31.2 - 36.3 ???????????? ???????????
IL1rn-/- 15 10 32.6 - undetectable ???????????? ???????????
IL1rn-/-Tlr2-/- 8 6 28.4 - undetectable ???????????? ???????????
IL1rn-/-Tlr4-/- 8 6 32.8 - undetectable ???????????? ?????????????
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tobramycin, sorted by the abundance at the baseline. Fecal DNA samples at baseline and at 8 
??????????????????????????????????????????????????????????????????????? ???????????????????
???????????????????????????????????????????????????????????????????????????????????????????????
highlighted in blue. N=9 mice per group.
Baseline Post-tobramycin treatment
???? ??? ???? ???
family S24-7 30.367 5.990 38.709 6.606
order Clostridiales 18.373 4.275 7.707 1.731
family Rikenellaceae 11.375 1.275 11.001 2.964
genus Lactobacillus 7.596 1.892 1.402 0.572
genus Helicobacter 7.181 2.991 0.001 0.001
family Lachnospiraceae 5.313 0.997 2.595 1.042
genus Bacteroides 4.254 1.178 20.061 3.936
genus Flexispira 2.246 0.496 0.000 0.000
genus Odoribacter 2.105 0.375 5.750 2.088
???????????????????????? 1.819 0.710 0.000 0.000
order Bacteroidales 1.717 0.549 0.458 0.141
family Ruminococcaceae 1.698 0.515 0.672 0.269
genus Oscillospira 1.645 0.457 0.611 0.147
genus Ruminococcus 0.539 0.153 0.757 0.228
genus AF12 0.419 0.065 0.297 0.121
genus Anaeroplasma 0.357 0.141 0.180 0.078
order YS2 0.346 0.125 0.096 0.061
genus Prevotella 0.340 0.109 0.778 0.168
???????Ruminococcus? 0.258 0.093 0.448 0.137
genus Bilophila 0.232 0.097 0.010 0.008
genus ???????? 0.161 0.036 0.083 0.043
genus Mucispirillum 0.155 0.098 0.000 0.000
genus Desulfovibrio 0.120 0.053 0.007 0.005
genus Clostridium 0.107 0.036 0.000 0.000
genus Coprococcus 0.104 0.041 0.425 0.127
genus Parabacteroides 0.092 0.038 0.277 0.086
family Erysipelotrichaceae 0.072 0.029 0.038 0.020
genus Dorea 0.051 0.021 0.145 0.062
genus Dehalobacterium 0.049 0.015 0.000 0.000
????????????????????????? 0.043 0.013 0.000 0.000
family Desulfovibrionaceae 0.042 0.013 0.030 0.025
genus Adlercreutzia 0.042 0.019 0.000 0.000
order RF39 0.023 0.023 0.000 0.000
family Peptococcaceae 0.017 0.005 0.000 0.000
genus Streptococcus 0.007 0.004 0.293 0.293
genus Aquabacterium 0.003 0.003 0.022 0.022
genus Corynebacterium 0.000 0.000 2.642 2.642
genus Campylobacter 0.000 0.000 2.452 2.452
family Comamonadaceae 0.000 0.000 1.952 1.952
genus ????????? 0.000 0.000 0.024 0.018
genus Limnohabitans 0.000 0.000 0.018 0.018
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????????????? ??? ???? ?????????? ??????????? ????? ????? ????????? ??? ????????
????? ?????????? ???? ???????? ????? ????? ???????????? ?????????? ?????????
??? ??? ?????????? ???????????????? ?????? ??????????? ???????? ???? ????????????
??? ????????? ??? ???? ??????? ?? ???????????? ??? ??????????????????? ??? ??????????
??????????? ??? ????? ?????????? ??? ?????????? ????????? ???? ???????? ????????? ???
???????????????????????????????????????????????????????????????????????????
?????? ??? ????????? ??? ????????? ?????????????????? ????? ????? ????? ???? ??????????
microbial community undergoes marked changes in the preclinical phase of 
????????? ????????????????? ??????? ????????????????? ??????????????????????????
???????????? ????????? ?????? ???? ??????????????? ???? ????????? ????????
Firmicutes and Proteobacteria, such as Ruminococcaceae, Lachnospiraceae and 





?????? ???????? ?? ??????????? ??? ?????? ???? ????????? ??????? ???? ????????????
???????? ????? ?????????? ??????????? ????????????? ???????? ?????????? ???? ?????
????????????? ???? ????????????????????? ????? ???? ?????? ??? ????????????? ?????
????????????????????????
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??????????????????? ?????????? ???????? ?????????????? ?????????????? ?????????????
????????????????????????????????????? ???????????????????????????????????????
?????? ??????????? ???? ???????????? ??????? ??? ????? ???? ?????????? ?????????
???????????????????????????????????????????????????????????????? ?????????????
???????????????????????????????????????????????????????????????????????????????
??????? ???????? ????? ?????? ????? ???? ??????????? ??? ?????????? ??????????? ???
?????????? ??? ???????? ????? ????????????? ???? ???? ???? ?????????? ??? ????? ???
??????????? ?????????????????????? ??? ??????????????????? ??????????? ????????? ???
Akkermansia, Ruminococcus, and Pseudobutyrivibrio ????????????????????????????
????? ?????????? ??? ????? ????????? ??????????? ?????????? ??? Prevotella copri 
?????????? ?????????????????????????????????????????????????????????????????
of Lactobacillus salivarius? ?????????????????????????????????????????????????????
???????? ????? ????? ?????? ????? ?????? ?? ???????? ??? ???????????? ???????? ???????
related to Clostridium asparagiforme, Gordonibacter pamelaeae, Eggerthella 
lenta? ???? ???????????????? ?????????????????????????????? ???????????????? ???
???????????????????????????????????????????????????????????????????????????????
??? ???????????????????????????????????????????????? ????????????????????
of Collinsella, Eggerthella, and Faecalibacterium ????? ???????? ????? ???????????
??????????????????????????????????????????????????????????????? ??? ?????????????
???????? ???? ????????? ????????????? ??? ???? ?????????? ??????????? ????????
???? ???????????? ??? ????????? ?????????? ????????????? ???? ???????????? ??? ????
??????????? ???? ???? ?????????????? ??????? ???????? ???????????? ????????? ??? ?????
well understood. 
???? ?????? ???? ????????? ?????? ?? ???????????????? ????????? ??????? ???????
???? ???????????????? ???+? ?? ??????? ?? ?????? ???? ????? ?????? ???? ??????????
??????????? ?? ??????? ??????? ????? ??????????? ????????? ???? ????????????? ????? ?????
Th17 cells are considered to play a pathogenic role in PsA and RA by producing 
????????????????????????????????????????? ??????????????? ?????????????????????
??????????? ????????????????? ??????? ????????? ???? ??????????????? ???????
???????????????????????????? ???????????????????????? ???????????????????? ???????
???????????????????????????????????????????????????????????????????????????????
sustained American College of Rheumatology 50 (ACR50) response in a subset of 
????????????????????????????????????????????????????????????????????????????????











????????????? ????? ???? ???????????? ??? ???????????? ????????? ??? ????? ??????
????????????????????????????????????????????????) mice is abrogated under germ-
????? ????? ?????????? ????????? ???????????? ??? ??? ???????????????? ??????????













colonizing mice with the human gut commensal ????????????????????suppressed 
????? ?????????? ???? ???? ???????????? ??? ???????????? ????????? ???????? ??????




?????? ???????????????? ??????????? ??? ?????????? ???? ?????????????? ????? ?????








????? ?????? ?????????????????????? ????????????????????????????????????????????





???????????? ??????? ?????? ???? ??? ?????? ???????? ????????? ??? ????????
University Medical Center) and were conducted in accordance with the 
???????????????????????
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??? ?????????????? ???? ?????????? ???????? ??????????? ?????? ??????????????? ???
?????????????????????????????????????????????????????????? ????????????????

















CIA mice with a macroscopic score of 0.25-2.75 were randomized for treatment 
??????????????????????????????????????????????????????????????????????????????






ice-cold PBS and treated twice with 5 mM EDTA for 10 minutes at 37°C to 
???????????????????????????????????????????????????????????????????????????????
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???? ?? ??????? ??? ??????????? ??? ?????? ?????? ????? ??????? ???????? ?? ??? ??? ?????
???????????????? ?????????????????????????????? ???? ????????????????????????
Percoll gradient (Sigma).
?????????????????????????????????????????
??????????????? ????????? ???? ???????? ??? ????????????? ??? ???? ????????????????
?????????? ??? ?????? ?????????????? ?????????????? ?????????????? ??????????????
?????????????????????????????????? ???????????????? ??????????????????????????
???????????????? ???????????????? ?????????????????????? ?????????????????????
short span of the serum-transfer model. 
???????????????
?????? ????? ?????????? ????? ???????? ????????????? ??????????? ?????? ??? ???????
??????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
???????????? ???? ??????? ?????????? ???? ??????????????? ???? ?????????????? ??????????
?????? ????? ????? ???? ?????????????? ?????? ??????????????????????? ??????
?????????????? ???? ????????????? ???????????????? ????????????? ???????????? ????




Popliteal lymph nodes (pLN) were disrupted on a 70 μm cell strainer. LPLs (4 x 
105??????????????????????????????????5 ??????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
in culture supernatants and mice sera were measured by Luminex using the 
????????????????????????? ????????????????????????????
?????????????????????????????????????????
Tissues were homogenized using a MagNA lyser instrument (Roche). RNA was 
?????????????????????????????????????? ????????? ??????????? ????????????????????
??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????? ?????????????????
shown in Supplementary Table S2. 
?????????????????????????????????????
?????????? ???? ????? ???? ?????? ?????????? ????? ??????????? ??? ?????? ??????
??????????????????????????????????????????? ???????????? ??????????? ??????????????
???????????????????????????????????????????????????????????????????????????????
?????????????? ??????????????????????????????? ?????????? ???????????????????
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Serum amyloid A in serum was measured with ELISA according to the 
manufacturer?????????????????????????????
?????????
?????? ?????? ??????? ????? ????????? ???? ????? ??? ??? ????????????? ???? ?? ??????
?????????? ??????????? ??? ??? ??????? ????? ???? ????????? ??? ???????? ???????
???????? ??? ????????? ???????? ?????? ???????????? ???? ?????? ??? ?????? ?????????
???????????????????????????????????????????????????
????????
??????????? ??? ???? ???????? ????????????? ?????????? ????? ???????? ????????????
?????????? ?????? ????????????? ?????? ??????????? ??? ??????????? ??????????
units (OTUs) were evaluated using two-tailed Student’s t-test. We corrected 
???? ???????? ??????? ?????? ???? ?????????? ???? ????????? ?????????? ????? ??????
?????????? ????? ?????? ???? ??? ????? ???????????????????? ?????????? ?? ???????????
???????????????????????????????????????????????????????????????????????????
test was used to compare cell and cytokine levels between treatment groups. For 
???????????????????????????? ????????????????????????????????????????????????






??????????????????? ???????????????? ????????????????????? ??????????? ???????
??????? ????? ???? ???????????? ?????????? ??? ????????? ???? ?????????????????????
??? ?????? ???????????? ??????? ? ??????????????? ????????? ????? ??? ?????? ???? ???
??????????????????????????????????????????????????????????????????????????????
????? ??????? ??? ???????????? ??? ????????????? ?????? ??? ????????? ??? ????? ?????











????????? ???? ????????????? ? ???????? ???? ?????? ??? ???????? ???????????? ???
???????????????????? ???????? ??? ????????????????????????????????? ??????????
??????? ?????????????????????????????????? ???? ?????????????????????????????
?????????????????????????????????????????????????????????????????????????????
phylum Bacteroidetes (Figure 1A-B). Comparison of the microbiota of naive 
???? ? ??????????????????????????????????????????????????????????? ??????????
??????????? ??? ???? ???????????? ?????? ??? ?????????? ??????? ?????? ???? ????????
????????????? ???????????????????????? ??????????????? ??? ????????? ???? ????????
?????????? ??? ??????????????? ????????????? ?????????? ????? ???? ? ??????????
(Figure 1D).




































































































???????????????????????????????????????????????????????? ???????????? ? ???????????????????????




At the family level, we found that the families S24-7, Bacteroidaceae and 
??????????????????? ??? ?????????????????????????????? ????????????? ???????? ???
the immune-priming phase of CIA (Figure 2A-D). Among Firmicutes, the families 
Lachnospiraceae and Ruminococcaceae were expanded while Lactobacillaceae 
??????????????????????????????????????????????????????????????????????????????
???????? ???? ?????? ????????????? ???? ??????? ??????????????????? in the phylum 
???????????????????????????????? ?????????? ??? ? ????????????????????????????
????? ???????? ????? ????? ?????????? ???? ???????? ??????? ?????? ???? ??????????
????????? ?????????? ?? ???????? ? ?????????????????????????????????? ?????????
of the genera Oscillospira and Ruminococcus (both in Ruminococcaceae 
???????? ???? ?? ??????????? ????????? ??? Bacteroides (family Bacteroidaceae),
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Prevotella (family Paraprevotellaceae), and Lactobacillus (family Lactobacillaceae) 
(Supplementary Figure 2). Only a few OTUs could be assigned at the species 
level, including two OTUs assigned to Lactobacillus reuteri ????? ?????????????????
reduced, and two OTUs aligned to the species Ruminococcus gnavus that were 
????????????? ?????????? ??? ???????????? ?????? ??? ???? ??????????????? ?????? ????
??????????????????????????????????????????????????????????????????????? ??????????





histological level (Supplementary Figure 1A). Serum amyloid A (SAA) has been 
?????? ??????????????????????????? ?????????? ?????????????????????????????????
we measured SAA protein levels in serum along with the gene expression of 
SAA isoforms in the synovium of naive mice in comparison with immunized mice 
???????????????? ????????????????????????????????????????????????????????????
???????????????????? ?????????????????????? ? ????????????????? ?????????????




??? ????????? ??????????? ??? ???? ?? ??????? ????? ????????? ??? ??????????????? ??????
nodes in the pre-clinical phase of CIA. Flow cytometry analysis showed that 
????????????????????????????????????????????????????????? ??????????????????????
mice compared to naive mice (Supplementary Figure 1D). The percentages Th1 






??? ????????? ???? ??? ??????? ??? ??????????? ??????? ???? ????????? ??? ?????????
??????? ???? ?????????? ?? ????? ???????? ???? ????????? ??? ????????? ???????? ????? ???
examine whether the gut microbiota modulate T cell responses and disease 
???????????????????????????????????????????????????? ???? ???????????????? ????
???????????????????????????????????????????????????????????????????????????
??????????? ???????????? ??????????? ????? ????????????????? ????????????????????


















































































































































































































































??????? ??? ?????????? ??????????? ????????????????? ???????? ??? ???? ???????????? ??????
??? ?????????? ???? ???? ??????????? ??? ?????? ??????????? ??? ?????? ???? ????? ????? ???????
? ?????????? ????? ????? ??? ????????? ????????? ????? ??????????? ??? ????? ???? ??? ?????
? ?????????????????????????????????????????????????????????????????????????????????










???? ???????? ?????????? ?????? ??? ????? ?? ????? ??????? ?????? ?? ????? ???????
????????????? ??? ???????? ??? ????????? ????????? ?????????? ????????? ??? ????????
??????????????????????????????????????????????????????????????????????????????
??????????? ??? ???? ???? ????? ??????????????? ??????? ???? ????????????? ?? ????
all bacteria belonging to the phylum Bacteroidetes were eliminated (similar 
??? ????????? ?????????? ??????? ???? ???????????????? ????????????? ????? ?????????
?????????????????????????????????????????????????????????? ???????????????
???????????? ???? ?????????????????????? ???????????????????? ???????? ???? ????????
???? ????????????????? ???? ????? ??? ??????? ???? ?????? ??????? ???? ?????? ???
Supplementary Figure 3B and C.
Since SFB have been reported to trigger the development of autoimmunity in 
????????????????????????????????????????????????????????????????????????????
SFB (family Clostridiaceae; genus Candidatus Arthromitus???????????????????????
???????????????????????? ?????????????????????????????????????????????????????
?????????? ??????????????????????????????????????????????? ????????????????????
???????????? ????? ????????????????? ?? ???????? ?????????? ???????????????????
???????????????????????????????????? ????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????






?? ?????? ??? ?????? ????????? ??????? ???????? ????? ?????? ?????????????? ????????????
???????? ????????? ??? ????????????????????? ??????? ???? ??????? ???? ?????????? ??
??????? ????? ????????? ??????????????? ????????? ??????????? ???????? ???????????????
????????? ??? ???? ?????????? ??? ????+CD4+? ?? ??????? ?????? ??? ?????????? ??? ?????
??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????+CD4+IL-17+ Th17 cells in LP of mice with CIA 
?????????????????????????????? ??????????????????????????????????????????????????









Supplementary Figure 4A), while the p????????? ??? ????? ???? ?????? ????????
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Figure 4B). Analysis of the gene expression showed that ABX treatment 
??????????????????????????????????? ???????????????????????? ??????????????????
???????????? ????????????????????????????????????????????????????????????????
????? ???? ?????? ????? ???? ???? ???????? ????????????? ??????????????? ???????
???????????????????????????????????????????????????????????????????????????????
????????? ?????????? ??????????????? ??????? ???? ??? ??????????????? ??????????
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
??????? ????? ???????????? ?????? ???????????? ????????? ????? ??????? ??? ??????? ???
?????????? ????????????????????????????????? ????????????? ?????????????????????
balance mainly presented by a suppression of Th17 cells.
????????????????????????????????????????????????????????????????????? ???
???????????????????????????????????????????????????????????????????????????
was reported for SFB as model organisms. It was demonstrated that SFB-induced 
?????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????
???? ???? ?????????? ??? ?????? ?????? ??????????? ??? ????????? ???? ??????????? ???
SAA1, SAA2 and SAA3 isoforms as well as IL-22 in terminal ileum. In line with 
????????????????????????????????????????????????????????????????????????????
C), both SAA1 and SAA2 were markedly diminished in terminal ileum of ABX-
???????? ????????? ????????? ????? ???? ???????? ????????? ???????? ????? ?????????
??????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
???????????????????? ???????????????? ?????????????????????????????????????? ???
ABX-treated CIA mice and was detectable only in 2 out of 19 mice (Figure 3G). 
?????????????????????????????????????????????????????????????????????????????
???????? ????????????? ????? ????????? ????? ?????? ??????????????? ????????? ???
???????????????????????????? ???????????????????? ??????????
??? ??????? ??? ?????????? ??????????? ???????? ???? ????????? ??? ???????????? ??
???????????????????? ??????????????
??? ?????????????????????????????????????????????????????????????????????? ?????
???? ?????????? ????????????? ?????????? ???? ????????? ??? ???????????? ????????? ???
???? ????????????????????????????????????????????????????????????????????????????
??? ??? ???? ????? ??????? ?? ????????? ??????????? ????? ???? ????????? ??? ?????????
???????????????????? ??????????????????? ??????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????
????????????? ??????????????????????? ?????????? ????? ?????? ???? ???? ????????????
?????? ????????????????? ??????????????????????????????????????????????????????
????????? ???? ????? ????????????? ???????? ??? ???????????? ???? ????? ????????
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Th17 cells per gate. (B) Percentage of CD4+TCR?+??????????????????????????????????????????????????????
lamina propria. (C) Percentage of IL-17+ (Th17), IFN?+ (Th1) and FoxP3+ (Treg) cells among CD4+TCR?+ 
??????????????????????????????????????????????????????????????????????????????????????????????????
lymphocytes upon ex vivo??????????? ??????????????????????????????????? ???????????????????
???????????????????????????? ??????????????????????????????????????????????????????????????????????
???????????? ?????????????????????????????????????????????????????????????????????????????????
?? ????????????????? ???? ???? ?????? ???? ??? ????????? ????????? ?????? ??????????????????????????????
??????????????????????????????????????????????????????????? ????????????? ??????????????????
shown as 2???????????????????????????????????????????????????? ??????????????????????????????
?????????????? ??????????????????????????????????????
with control mice (Figure 4D). Accordingly, pLN cells from ABX-treated mice 
produced less IL-17 (p=0.0392) upon ex vivo??????????? ???? ??? ?????????????
???????? ???? ??????????? ??????????ex vivo? ??? ???????? ??? ??? ???????????? ???????
??? ???????? ?????????? ??????????? ??????? ????? ????????????? ???? ?????????? ???
???????????????????????????????????????????????????????????????????????????
???? ???????? ?????? ???????????? ???????? ????? ??????? ??? ??????? ??? ??????????
??????????????????????????????????????????????????????????????????????????????????
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major isoform in the synovium and its expression was strongly decreased in 
?????????????????????????? ???????????????????????????????????? ???????? ??????
??????????? ?????????????????????????????????????????????????? ???????????
???????????? ??? ????? ??????????? ???? ?? ??????????????? ????????? ??? ?????
??????????? ??????????????????????????????????????????????
?????????????? ???????????????????????????????? ????????????? ????????????????
?????????????? ??? ?????? ??????? ??? ?????????? ????????? ????? ??? ???????????????
between the control and ABX-treated mice (Supplementary Figure 5). Therefore, 
???? ???????????????????? ??? ???????????????? ?? ?????????????????????????????
?????????????????? ???????????????????????????????????????????????????
??????????????? ??????? ???????????? ?????????? ?????? ????????????? ??? ??????
??? ?????????????????????????????????????????????????????????????????????? ?????
?????????????????????????????????????????????????????????????????????????????
??????????? ??????????? ???????? ????? ??? ?????????? ????????????????????????????
?? ?????????????? ?????? ?????? ????????? ???? ????????? ???????????? ????????
??????????? ???????? ????????? ???????? ??? ???? ???????? ?????????? ??????????????
??????????????????????????????????????????? ??????????
??????????
???????? ???????? ????? ?????? ????? ???? ??????????? ??? ?????????? ??????????? ???
????????????????????????????????????????????????????????????????????????????
???????? ?? ????? ?? ???? ??? ??????????? ?? ???? ?????????? ?? ?????? ??????? ?????
before the appearance of the clinical signs, a process that commensal microbiota 
???? ??? ????? ??? ???????? ????????? ??????????? ??? ??? ? ???????? ??? ???????????
???????? ?????????????????????????? ??? ???? ????????????????????????????? ????
?????????????????????????????????????????????????????????????????????? ?????
????? ???????? ??? ?????????????? ??? ??????? ???????? ??? ??????????? ????????????
?????????????????? ????? ????? ????????? ?????? ????????????????? ???????? ??? ????
?????????? ?????????? ???????????? ???????????? ???????? ???? ????????? ???????
?????????????????????????????????????????????????????????????????????????????
???????????????????? ????????????????????????????????????????????????????????
??????????? ????? ?????? ????? ?????? ?????? ????? ???? ??????? ????????????????? ????
????? ????????? ??? ??????????????? ?????? ???????? ???????????????????? ????
???????????????? ????? ????? ????????? ??? ?????????????? ????? ?????? ??????????
??? ?????????? ???? ?????? ?????????? ??????????? ??? ???? ? ????????????? ???????
???????????????????????????????????????????????????????????????????????????????
???????????????? ???? ?????? ????????????? ?????????? ??? ????????? ????????? ????. 
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?????? ?????? ????????????? ???????????????????????? ?? ???????????????????????? ??? ????????????????
(ABX) CIA mice; n=19 mice per group from two independent experiments. Severity was scored on a 
?????????????????????????????????????????????????? ???????????? ????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????? ???? ??????????? ??????????? ?????????? ???? ???? ?????? ?????? ???? ????????? ????
???? ???? ??? ???? ???????? ??????????? ??? ????? ????+TCR?+ IL-17+) and Th1 (CD4+TCR?+IFN?+) cells 
isolated from popliteal lymph nodes (pLN) of Ctrl (n=11) and ABX-treated (n=10) CIA mice. (E,F) 
????????????????????????????????????????????????????????????????????????????????????????????????
ABX mice ex vivo????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????? ????????????? ???????????????
is shown as 2???????????????????????????????????????????????????????????????????????????????
???????????? ?????????????????
???? ???????? ???????? ??? ???? ???????????? ?????? ??? ????????? ???? ????? ?????
this phase is characterized by decreased S24-7 and Bacteroidaceae and 
increased Ruminococcaceae, Lachnospiraceae and Desulfovibrinocaceae. 
Increased Lachnospiraceae has previously also been demonstrated in RA 
???????? ????? ???????? ???????? ???????? ????? ???? ????? ???????????? ????? ????
????????? ??? ???????????????? ??????? ??????? ???? ?????? ??? ????????? ???? ???
???????? ??? ???? ? ?????????? ??????? ???? ???????????? ??????? ???????? ??????
compared the microbiome of healthy non-immunized mice and mice with CIA.
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This study found that Clostridiales, Lachnospiraceae and Ruminoccocus gnavus 
were more abundant in the mice with established CIA compared to the healthy 
????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????? ?????????????????????? ???????? ????
?????? ??????????????????????????????????????????????????????
We previously showed that treatment with Tobramycin resulted in a near-
???????????? ?????????????????????Helicobacter and Flexispira (both belonging 
??? ???? ??????? ??????????????????? ???? ??????????? ????????? ??? ????????????????
????? ?????? ??? ????????? ?? ??????? ???? ??????? ??????????? ????????? ??? ???? ??????
Clostridium was observed, which suggests that these bacteria may promote 
?????????? ????? ????? ????????????? ???? ????????? ?????? ??? ???? ???????? ???????
??? ????????? ?? ??????? ???? ??????????? ????????? ??? ???? ?????? ?????????????? ?????
? ??????????????? ????? ????????? ?? ?????? ????? ??? ???? ?????? ?????????????? ??????
??????????????????????????????????????????????????????????????????????????????
Clostridium???????????????????????
Previous studies showed that Prevotella copri? ??? ????????? ??? ???????? ?????




???????? ???????? ????? ? ?????????? ??? ???? ????? ???? ???? ????????? ?????? ????
????????????????????????? ??? ??????????? ?? ????? ????????????? ????? ???????????
Furthermore, none of the observed OTUs related to Prevotella in our database 
could be assigned to P. copri. Therefore, we performed P. copri??????????????
?????? ???????? ???????? ??? ???? ???? ??? ??????? P. copri? ????? ?? ??????? ???????????
???? ?????????????????????????????????? ???????????????????????????????????????
from anaerobically grown P. copri????????????????????????????????????????????
value of 17.7 cycles, P. copri DNA was detected at very low levels (Ct value of 
????????????????????????????????????????????????????????????????????????????
immunized mice. Therefore, the abundance of P. Copri was not altered by CII 
? ??????????




the reduced microbial diversity reported in human autoimmune disease may 
??????????????????????????????????????????????????????????????????? ?????
??????????????????????????????????????????????????????????????????????????????






















????????? ??? ?????????????????????????????????? ??????????????????????????????
?????????????????????????????????????????????????????????? ??????????????????????
????????????
??????????????? ?? ???????? ? ??????????? ????? ?????????????? ????????????????
?????????????????? ???????????????????????????????????? ?????????????????????????
????????????????????? ????????????????????????? ??????????? ????????????????????
???????????????????????????????????????????? ??????????????????????????? ??? ???
?????????????????? ???????? ??????????????????? ??????????????????????????????????
????????????????????????????????????????????????????????????????????????????
????? ????? ????? ??? ??????? ??? ??????????? ????? ???? ?????? ??? ????????? ?????????
??? ???????????? ??? ?????????? ?????? ????? ???? ?????? ??????????? ???? ?? ????????
??????????????????????????????????????????????????????????????????????? ???
??????????????? ??????????????? ?????????????????????????????? ???????????? ??????
to migrate to peripheral lymph nodes, as reported before, may explain these 
???????????? ?????? ???? ????? ????? ????? ???? ???? ????? ???? ?? ??????? ???????????
???????? ???? ?????????? ??? ??? ????? ?????? ???? ???? ????????? ??? ????????????????
??????????????????????????????????????????????????????????????????????????????
??????????
????????? ???????? ??????????????????????? ???????????? ?????????? ?????????????
???????????????????????????????????????????????????????????????????????????
??? ??????? ??? ???? ??????? ?????????? ??? ???? ?????? ??? ???????????????? ????????
LP Th17 cells and suppressed expression of SAA1 and SAA2, which were 
?????????????????????????????????????????????????????????????????????????????
???? ???????? ????????????? ??? ?????????? ???? ????????? ????? ??? ?????? ??? ??????????
???? ?????????? ?????? ??? ????????? ?? ??????????? ????????? ??? ?????????? ??????
????????????????????????????????????????????????????????????????????????????
?????????????? ???? ????????????????????? ???????????? ???????? ???????? ??????????
??? ??????????????????????????????????????????? ?????????????????????????????
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?????????????????????????????????? ????? ?????????????????????? ??????????? ?????
?????????? ????? ?????? ??? ???????? ?????????? ????? ??????? ??? ??? ???? ?????? ???
???????????? ???????????????????????????????????????????????????????????????????




??? ??????????????? ???? ?????? ???????????? ??? ???????? ????? ??? ?????? ????????
???????????????????????? ???????????????????????????????????????????????????
???????????? ???? ??????????? ???????????? ??????? ???????? ????? ????? ????? ????
data demonstrate that increased systemic level of SAA precedes the onset of 
?????????????????????????????????????? ??????????????????????????????????????
??? ????? ????? ???? ????????? ????? ??? ?????? ??? ?????????? ???? ?????????? ?????? ???






22-producing CD4+ T cells were increased in peripheral blood as well; however, 
?????????????? ?????? ?????? ???? ??? ????????? ??? ????????? ????? ???? ?????? ??? ????
????????????
????????? ???? ???????? ???????? ???????????? ??? ?????????? ???? ???????????????
????? ????????????? ??? ??? ??????????? ?????????? ???? ?????????? ??? ?????????
????? ??? ?????????? ?????????????????????? ???????????? ??????????????????????
???????????????????? ???????????????????????????????????????????????????????????
??????? ????? ?????????? ?????????? ????? ??????????? ???? ??????????? ?? ?????
?????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????
????? ??????? ????????? ?????? ????????????? ????????? ?????? ??????????????? ???????
which was found to be dispensable for the disease development in this study, 
????????? ??? ???????? ?????? ??????? ????? ?????? ????????? ?????? ??????? ????????
????????????????????????????????????????????????????? ???????????????????????
?????????????????????????????????????????????????????????????????????????????
?????? ?????? ?????????? ????? ??????? ???????? ????? ????????????????????? ??????
????? ????? ????????????? ???? ????????? ???????? ??????????? ???? ????????????
??????????????????????????????? ??????????????????????????????????????????????
mechanisms depending on the disease phase and processes being studied. In 
????????? ?? ? ??????????? ??????? ????? ?????? ????? ???????? ????? ?????????
??????????????????? ????? ????? ????????????????????????????????? ??? ? ???????
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been developed (Supplementary Figure 5).












??????????????????????? ???? ??????? ???????? ??????????????? ????????????? ?????? ??????
???????????????????????????????????????????????????????????????????????????????
???????? ?????? ?????????? ?? ????? ??? ???? ????????????? ??? ??????? ????????? ????
???????????????????+?????+????????????????????+CD4+ cells. We observed a non-
????????????????????????????????????????????????????????????????????????+?????+ 
????+CD4+??????????????????????????????????????????????????????????????????








???????????????????? ??????????? ???????????????????????????? ????????????????
???????????????????????????????????????????????????????????????????????????????
IL-17 blockade in PsA compared with RA, it is plausible that the PsA microbiome 
???? ?? ??????? ????????? ??? ??????????????? ????? ???? ?????? ??????????? ??? ????
??????????????? ???????????????????????????????????????????????????????????????






??????????? ??????? ???????????? ???? ???????? ????? ????? ?????????? ??? ??????????
??????? ???? ??????????????? ?????? ?????? ???? ?????????? ????????? ????????
??????????????????????????????? ????????????????????????????????????????
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????????? ????? ???? ??????? ???? ????????? ??????????? ???????? ???? ?????????? ???
?????????????????????????????????????? ??????????????????????????????? ?????????????
????????????????????? ???????? ???? ????????????????? ???????????????????????????
?????????????????????????????????????????????????????????????????????
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???????? ?????????? ???? ?????????????? ????????? ??? ?????? ??????? ??? ??????????? ????????? ??? ?????
???????????????????????????????????????????? ?????????????????????????????????????????????????????
???????????????????? ?????????????????? ???????????????????????????????????????????????????????
????? ?????????????????????????????? ?????????? ? ????????????? ???????????????????????????????
is shown as 2???????????????????????????????????????????????????????????????????????????????????














































































14 Naïve mice (day 0)






















































































































































???? ?????????? ???? ??????????????????? ???????? ??????? ????? ????????????????????? ?????????????????
???????????????????????????????????????????????????????????????????????????????????????????
experiment. o=order, f= family and g=genus. 
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??????????????????????? ????????? ????????????????? ????????? ??????? ????????????????? ?? ?????????
?????????????????????????????????????????????????????? ???? ?????????????ex vivo ?????????? ????
PMA and ionomycin for 5 hours, measured by Luminex cytokine array. (C-D) Gene expression of 
??????? ???????? ?????? ??? ?????? ????????? ???? ???? ?????? ??????????? ??????? ???????? ????????????? ???
???????????????????????????????????????????????????????????????????????????????????????????????





































































































???????????????????????????????????? ????????????? ??????????????????? ?????????????????????????
???????????????????????????????????????????????????? ????????? ??????????????? ??????????????????
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????????????????????? ?? ?????????????????? ???? ??? ?????????????? ????????????????? ???????? 
???????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????? ?????????????????????? ?????????????????? ???????????????
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??? ??????????? ??? ?????? ???? ? ???????? ?????? ???????? ?????????? ????????????? ???
????????????? ???????? ????? ??? ?????????? ??????????? ??? ?????? ????? ??? ???? ????????? ???
? ?????????????????????? ??????????? ?????????????? ?????????????????????????????????
??????? ????????? ??? ?? ?????????? ???? ???????? ??????? ?????? ???? ???????????????????
procedure; n=7 mice per group.
? ?????? ??????? ?
????????????????????? ????? ???? ????? ???? ????????
???????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
??????????????? ?????? ?????? ?????? ?????? ???????
??????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
?????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
???????????????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
???????? ?????? ?????? ?????? ?????? ???????
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?????????? ??????????? ???? ??????????? ????? ???? ???????????? ??? ????????????
?????????? ???? ?? ? ??? ????? ?????? ???? ??? ???????? ?????????? ???????? ? ?????
?????????? ??? ???? ???????????? ?????? ??? ????????? ???? ?????????? ???????? ????




???????????????????????????????????????????????, tumor necrosis factor  ? (TNF??, 
?????? ???? ? ??????????????????????? ????????????????? ??????? ????????? ????
?????????????????????????????? ???????????????????????????????????? ????????
? ???????? ??? ???????? ????????????????? ????????? ??????? ??????????? ?????????
??? ????????? ??? ????? ????? ???? ???? ????? ????? ??????????????? ????????? ?????
????????? ???????? ? ?????????????? ?CD4-Cre+ Rorc????????? ???? ??????????????
(CD4-Cre– Rorc????????? ?????????????????????? ?????????????????? ?????????????????




and GM-CSF. CD4-Cre+Rorc????????????? ??????? ?? ???????? ????????? ???????????
??????? ? ??? ?????????????????????? ???????????????? ?????? ??????? ??? ???????????????
produced by ???????????????????????????? ????????????????????????????????????????
??????????????????????????????????????????????? ???????????????????????????????
?????????????????????????????????????????????????????????????????? ????????????
????????????????????????? ?????????????????????????????????????? ????? ????????
IL-17F and GM-CSF. Importantly, the dependence of CIA on the involvement of 
??????????? ??? ????????????????????????????????????????? ??????????
??????????
??????????? ??????????????????? ???????? ????????????????????????? ? ???????
????????????? ??????????? ?? ????????? ??? ?????????? ???? ????? ???? ?? ??????????
?????????? ????? ??? ?????????? ??????????? ?? ?????????????????? ???????????? ???
???????? ?????? ????????????????????????????????????????????
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dysbiosis and RA pathogenesis is not fully understood. 
????????????????????????????????????????????????????????????????????+ T 
????????????????????????????????????????????????????????????????????????? ???????
????????? ???? ????????????? ????? ???????? ????? ????? ??? ?????????? ???????????
????????? ??????? ???????????????????????? ????? ?????? ??? ?????? ????????? ???????
???????? ???????? ???? ???? ???? ???????????? ???????????? ???????????? ????????? ???




??? ???????? ????? ????????? ?????? ???????? ??????? ????? ?????????????? ??????????
??????????? ??????????? ?????????? ??? ??? ???? ?????????????? ???? ???????????? ???
?????? ??????????????????????????????????????????????????????????????????????????
?????????? ??? ??????? ??????? ??? ???? ????????? ???????????? ????????? ??? ????? ????
????? ????????? ?????? ????????? ????????? ??? ??????????? ????????? ????????? ????????
??? ????????????? ??? ???????? ????????? ??? ?????? ??????? ????????? ???????????
??????????????????????????????????????????????????????????? ????????????????
??????????????????????????????????? ????????????????????????????????????? and 
???????? ?????? ????? ??????????????????? ???????????????? ?????? ????? ????????
????????????????????????????????????????????????????????????????????????????????
????????????? ????????? ???????? ??? ??? ?????????? ???? ????????? ??????? ????? ??????
????????? ????? ??? ?????? ????????? ??????????? ???????? ???????? ????? ?????? ??????
?????????????????????????????????????????????????????????????????????????????????
???????????????????????????????
Enrichment of Th17 cells in vivo strongly depends on the presence and 
??????????? ???????????? ?????????????????????? ?????????????????????????? ??????
??? ?? ?????? ????????? ???????????? ??? ????? ?????? ???? ??? ???? ???? ????????????
?????????????? ??????????????????????????????????????? ?????????????????? ????
????????????????????? ?? ????? ????????????? ???? ???????? ????? ?????? ??? ?????????
??????????????????????????????????????????????????????????????????????????????
depends on the microbiota present in the gut prior to disease development. In 
?????????????????????????????????????? ? ????????????????????? ???????????
??????????????????????????????????????????????????
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?????????????? ????? ?CD4-Cre+ Rorc????????? ??? ?? ???????? ??????????? ?????
generated by crossing B6(Cg)-Rorc?????????????? ??????????????????????? ?????????
?????????????? ?????? ???????? ???? ????????? ????? ????? CD4-Cre- Rorc????????mice 
??????????? ????? ????? ??? ?????????? ????? ???????? ?????? ?????? ?????? ???????
consisted of randomized sex- and age-matched Cre+ and Cre- co-housed 
???????????? ????? ????? ??????? ??? ????????????? ?????????? ?????? ???? ?????????
autoclaved food and water ad libitum. 
????????????????????????????????????? ???????????? ?????????
Age- and sex-matched groups of CD4-Cre+ Rorc??????? and CD4-Cre- Rorc????????mice 
received a cocktail of metronidazole, neomycin trisulfate, ampicillin sodium salt, 
vancomycin, and sucrose added to drinking water for 1 week. Microbiota was 




??????????? ???? ???? ???????? ????? ???????? ????? ???? ?????? ????????? ????













Sigma), ionomycin, and Brefeldin A for 4 hours. Staining protocols and reagents 









Splenocytes were stained with surface markers as described, then resuspended 
?????????? ???????????????? ??????????? ?????????????????????????????????????????+, 
?????????? ???? ???????? ?????? ????? ?????????? ?????????? ????????? ??? ??????????
??????????????????????????????????????????????????????
?????????????????????????????????????????





???? ???????????????????????????????? ??????????? ??????????????????????????
?????????? ???? ???????? ?????????????????????????????? ???????? ?? ??????????????
and complete Freund’s adjuvant (CFA), based on previously published protocols 
???????????????????????????????????????????????????????????????????????????
desiccated M. tuberculosis? ????????????? ??? ? ????????????????????????????????
??? ????? ???????????????????????????????????????????????????????????????????











Mouse genomic DNA was extracted from sorted CD4+ and CD8+ splenocytes with 
????????????????????????????????????????????????????????????????????????????
???????? ?????????????????????????????????????????????????? ????????????? ????
???? ?????????? ???????????? ??????? ????????????????? ???????????? ????????????
?????????????????? ????????????????????????????????????????????????????????
????????????????????? ?????? ????????????????????????????????? ???????????









groups was tested via Mann-Whitney U test or Student’s T test, as indicated. 
??????????????????????????????????????????????????????????????????????????????
??? ???????????? ??????? ?????? ????????? ??????? ????? ????????? ?????? ?????????
????????? ?????? ????? ???????????? ????????? ???? ?????? ?????????? ????????? ????
performed using GraphPad Prism 7.02. 
???????
??????????????????? ???????? ?????????????????????????????????? ??????????
???????????????????????????? ??????????????????????????? ?????????????????
???? ??????????? ???????? ???? ? ??????????????? ????????? ??? ??????? ?????????
??????? ?????????? ???? ??????? ???? ???? ???? ????? ??? ??????????? ???????? ? ?????
?????????????????????????????????????? ????????????????????????+ T cell cytokine 
??????????????????????????????????? ?? ??????????????????????????? ??????????
?????????? ?????????????? ????????????????? ???? ????????????????????????????????
????????? ??? ??????? ????????????????????? ????????????? ?????????????????????????
?????????????????????????????????????????????????????????????????????????????
??????????? ??? ????????? ???+? ?? ????? ?????????????? ????????????? ???? ??????????
??????????????????????????????????????????? ??????????????????????????????????
numbers of LP CD4+???????????????????? ?????????????????????????????????????
?????? ?????????? ???? ??????????????????????????????????????? ????????????????
??????? ?????????? ????????????? ???? ???????????? ??? ?????????? ??? ????????
????????????? ????????? ????????????? ?????????? ??? ??????? ???????? ???????????
of IL-17 and IL-22 (Supplementary Figure 2B). Furthermore, we observed 
?????????????????????????+ T cells that expressed IL-17A, IL-22, and GM-CSF in 
?????????????????????????????????????? ???????????????????????????????????
????????????????????????????? ?????????????????????????????????????? ??? ????
??????????????????????????????????????????????????????????????????????????+ T 
?????? ?????????????????? ???????? ????? ??????????????????????????????????????
????????????????????????????????????????? ??????????????????????????????+ T 
??????????????????????????????????????????????????????????? ????????????? ????




cells. SI lamina propria and MLN Th17 cells from immunized mice exhibited 
??????????????????????????????????????????????????? ?????????? ?????????????????
??????????????????????????????????????????????????????? ???????????????????????










????? ?????? ???????????? ??????????????????????? ???????? ???????????????????????????????????
?????????????????????? ??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????+ T cells was 
?????????? ???? ?????????????? ??????????? ????????+? ?? ????? ????????????? ???????? ???????????????
?????????????? ??? ??????????????????????? ? ?????????????? ??????????????????????? ????????????
GM-CSF, IL-17A  and IL-22 by CD4+ T cells was determined in the SI-LP (B) and MLN (C) of naive 
and immunized mice. (D) Percentages of Th17 cells that coexpressed IL-22 in the SI-LP and MLNs 





???????? ????? ????????? ???????? ?????? ?????? ????????????? ?????????? ??? ??????









??????? ???????? ????????? ??? ???????? ???? ????? ????????????? ??? ?????? ???? ??



















































































































































??? ??????? ?????CD4-Cre+Rorc??????? ????? ???? ???????? ???? ???????? ???????? ???
IL-17 in CD4+?????????????????????????????????????????????????????????CD4-
Cre+Rorc??????? mice and control CD4-Cre-Rorc???????????????????? ????????????????
the SI lamina propria, PP and MLNs of CD4-Cre+Rorc??????? mice had decreased 
percentages of CD4+ T cells compared with CD4-Cre-Rorc??????? control mice 
(Figure 2A and data not shown). Furthermore, the percentages and absolute 
?????????????????????? ??????????????????????????????????????????????????????????
2B) and PP (Figure 2C) of Cre+ mice compared with Cre- ???????????????????????
were negligible in the MLNs from both genotypes (data not shown). In contrast to 
????????????????????????????????????????????????????????????????????????????
CD4+????????? ???????????????????CD4-Cre+Rorc??????? mice (data not shown). 
???????????????????????????????????????????????????? ?? ???????????????????????
??? ??????????????????????????????????????? ????????- cells, CD4+ IL-17- cells, and 
????????????????????????????? ???????????????????????????????????????????????
????????+ Th17 cells in CD4-Cre+Rorc???????? ?????????????????????????????????????
expression on CD4- and non-Th17 CD4+ T cells between genotypes (Figure 3A). 
??????????????????????????????????????????CD4-Cre+Rorc??????? genotype leads to 
????????????????????? ????????????????????????????????????????????+ T cells or 
non-CD4 cells. Furthermore, the numbers of annexin V+? ????????? ???????????
increased among CD4+ T cells (both Th17 and non-Th17) in CD4-Cre+Rorc??????? 
mice (Figure 3B). These data suggest that loss of Th17 cells in CD4-Cre+Rorc????
???? ??????????????????????????????????????????????????????????????????????????
cells.
???????????????? ??? ????????????? ??????????????????????????? ????????? ?? ?????
????????????? ??????????????? ??????? ?????????????????? ?????? ??????? ???
???????????????????????????????????CD4-Cre+Rorc??????? genotype on CD8 T cells, we 
????????????????????????Rorc gene in genomic DNA of sorted TCR?+ CD4+ CD8- T 
cells and TCR?+ CD4- CD8+????????????????????????????????????????????????????????
??? ?????????? ???? ???????? ???????? ????????? ???Rorc????? ????????????? ????????
in CD4+ T cells (P=0.0065). Expression of Rorc???????????????????????????????????
CD8+ T cell genomic DNA from CD4-Cre+Rorc???????? ????????????????????????????
???????????????????????????????????????????????????????????????????????????
???? ??? ????????? ??????????????? ??????? ????? ??? ????????? ????+ CD4+ CD8- 
and TCR?+ CD4- CD8+? ?????? ????????????????????????????? ?????? ????????Rorc, 
???????????????????????????????????????????????????? ???????????????????????
by other cells was altered in CD4-Cre+Rorc??????? mice, we examined IL-17 
expression in neutrophils, mast cells, and ?? T cells. Among SI lamina propria 








??????? ? CD4-Cre+ Rorc??????? ??????????????????????????????? ????????? ????? ?????????? ????????
???????????SI-LP and PP lymphocytes from 11-14-week-old male CD4-Cre+ Rorc??????? and CD4-Cre- 
Rorc??????? ????? ?????????????????????????? ????? ??????????????????? ???? ?????????????????????
???????????????????????????????????????????????Cre+ and Cre- mice were compared for percentages of 
CD4+ T cell in the SI-LP and PP (A), and for percentages of IL-17+ T cells within the live CD4+????+ 
gate and for absolutes number of IL-17A+ CD4+ T cells in the SI-LP (B)  and PP (C). (D) Percentages 
of  IL-17A+?????????+ cells within the live CD4+????+?????????????????????????????????????????????
















































































































































colonic lamina propria, MLNs and PP (data not shown). Therefore, it can be 
concluded that mast cells are not a major cellular source of the mucosal IL-17 
??????????????????????
Analysis of CD11b+ cells expressing the surface marker Ly-6G, which is exclusively 
?????????? ??? ????????????? ??????? ????? ?? ?????????? ??? ??????? ????????
neutrophils coexpressed Ror?t and IL-17. While the percentage of IL-17+ ROR?t+ 
neutrophils was similar between CD4-Cre+Rorc??????? mice, there was a non-
??????????????????????????????????????????????+????????????????????????????????
neutrophils in CD4-Cre+Rorc??????? mice (Figure 4A). Furthermore, the numbers of 
IL-17+ TCR???+????????? ??????????????????????????????????CD4-Cre+Rorc??????? mice 
????????????????????????????????????????????????????????????????????????????? T 
?????? ??????????????????????????????????????????????????????????????????????
IL-17 in the lamina propria of CD4-Cre+Rorc???????? ??????????????????????????????
?????????????????????????? ???????????????????????????????????????????????????
?????????????????????????+ mice. We euthanized naive mice and CII-immunized 
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Rorc???????????????????????????CD4-Cre- Rorc????????mice? Flow cytometric analysis was conducted 
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CD4-Cre-Rorc????????  mice and CD4-Cre+Rorc???????? ??????????? ????????????? ????
??????????? ??? ???? ???? ????? ?????? ??? ???? ??????????? ??? ?????? ????? ??????
expression was up-regulated only in Cre- ??????????? ???????????????????????
???????????????? ??????????????? ?????????????????????????????????????????????
reduced in immunized Cre+ mice compared with immunized Cre- mice (Figure 
???????????????????????????????????????????????????????????? ???????????????????
both Cre+ and Cre- ??????????? ??????????????????????????????????????????????
???????????????????????????????????????????????????? ?????????????????+Rorc???????? 
mice.   
?????????????????????????????????????????????? ???
??? ???????? ???????? ???? ????? ??? ????? ?????? ??? ?????????? ??? ????? ????? ?????
????? ??????????????? ????????? ??????? ??? ??????? ????? ?????????? ???? ????
????? ???????????????????????????????????????????????????????????????????
????????????????? ??????????????? ?????????????????????????????????????????????
IL-17A and the precise role of Th17 cells have not been elucidated. Comparison 
of AIA between CD4-Cre+Rorc???????? and CD4-Cre-Rorc??????? mice showed that 
???? ????????? ??? ????????? ???? ???????? ??? ???+ mice compared with Cre- mice 
(Supplementary Figure 4A). Control (PBS-injected) contralateral knees displayed 
???? ????????????
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?????????????+???????????? or ??????????????????????????? ??????????????????? ??????????????????????
??????????????????????????Cre- and Cre+ ????????????????????????????????????????????????????????
were gated on neutrophils (CD11b+ Ly6G+) and the percent and absolute number of IL-17A+???????+, 
and IL-17A+??????+????????????? ????????????????????????? ????????????????? ??????????????????+ 
cells and the percentages and absolute numbers of IL-17+??????????????????+ cells were analyzed. 
???????????? ?????????????????????????? ??????????????????????????????????????????
?????????????????????????????????????????????????????????????????+ mice was 
????????????????????????????????????????????????????????????????????????
in Cre+ mice compared with Cre- mice (Supplementary Figure 4B). There were 
???????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????? ??????
????????????????????????? ?????????????????????????????????????? ?????????+ T 
??????????????????????? ?????????+ mice compared with Cre- mice (Supplementary 
???????????????? ???????????????????????? ??? ?????????????????? ?????????? ?????
??? ????? ???????? ????????? ???????????? ??????? ????????????? ????? ???? ??????
??????????ex vivo? ?????????????????????? ?????????????????????????????????+ 
mice compared with Cre-???????????????????????????????????????
??? ???????? ???????????? ??????? ??????????? ??? ???- immune cells during the 
??????????????????????????????????????????????????????????????????????????
???????????? ?????????? ?????? ??? ??????? ??????? ??? ??????? ???????? ?????+ Gr1+ 
neutrophils between Cre+ and Cre- ???????????????????? ?????? ???? ????? ???????
????????????????????? ??????????????????????????????????????????????????
????????????????????????+ CD8+????????? ???????????????????????????????????????CD4-
Cre+Rorc??????? mice with AIA compared with CD4-Cre-Rorc??????? mice with AIA 
(Supplementary Figures 5B-C). Although ?? T cells were not directly examined,, 
we observed that TCR?- CD11b- CD11c- Gr1-????????????????????????????????? T 
cells) from CD4-Cre+Rorc????????mice with AIA and CD4-Cre-Rorc??????? mice with AIA 
had similar levels of IL-17A expression (Supplementary Figure 5D). 
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Our data show that although Th17 cells enhance the development and 
progression of AIA, other important IL-17-producing cells may contribute to the 





??? ???????? ??????????? ???? ????? ??? ????? ?????? ??? ???????? ????? ????? ??????????
we induced CIA in CD4-Cre- Rorc????????and CD4-Cre+ Rorc??????? ???????????????????
???? ???????????????????????????????????????????? ???????????????????????????
??????????? ???????????????????????????????????????????????????????????????
??????????????????????CD4-Cre+Rorc???????? ?????????? ?? ??? ???? ? ??????????????
with CD4-Cre-Rorc????????????? ???????? ? ?????????????????? ????????????????????
analyses, we demonstrated that the mice harbored SFB (data not shown), a taxa 
?????? ??? ??????? ???? ????????????? ??? ????? ?????? ???? ??? ??????????? ?????????
??? ?????? ????? ????? ?????????????? ???????? ????? ???? ??? ???????????? ????????
???? ???????????? ? ??? ?????? ????? ?????? ??? ????????? ???? ?????????? ???? ???? ????????
?????? ??? ???????????? ???????????? ??? ?????? ????????? ???? ????? ????? ?? ????????
???????????????????????????????????????????? ?????????????????????????????????
????? ??????????? ?????????????? ????+?? ????? ???? ????????????? ?????? ?????????
scores compared with Cre-??????????? ?????????????????????????????????? ????
? ?????????? ????????????? ???? ???????????? ??????????????????????? ?????????????
lower in Cre+ mice compared with Cre- mice at the study end point (Figure 5A).
???????????????? ??????????? ??? ???? ?????? ??????? ????????? ????????????? ?????
????????????????????? ????????????? ????????????????????? ?????? ????????????
erosion in Cre+ mice compared with Cre- mice (Figures 5B-C). These data indicate 




CD4-Cre+Rorc??????? and CD4-Cre-Rorc??????? mice. The results showed that the 
???????????????????????????????Lactobacillus was increased wheras the genera 
Bacteroides, Enterococcus, and Candidatus arthromitus (SFB) were reduced in 




that compared with naive mice, mice with CIA had a reduced universal 
bacterial 16S burden and an increased abundance of SFB (Supplementary 
Figure 7). Comparison of naive Cre+Rorc??????? mice and CD4-Cre-Rorc??????? mice 
????????? ?? ?????????????? ?????? ??????? ?????????? ?????????? ??? ???? ??? ??????
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Cre+Rorc???????? ?????? ?????? ??? ??????????? ????? ??????????? ????????? ???????? ???
CD4-Crre+STAT3????????????? ???????? ?????????? ???? ?????????? ????????? ?????????????
decreased in Cre+ mice compared with Cre- mice during the course of CIA 
????????????????????????????????????????????????????????????????Rorc did not 
lead to a higher SFB burden in Cre+Rorc???????? ???? ??????????????
????????????????????????????????????????????????????? ?????????????????????
???????? ??? ?????????? ?? ????????????? ?????????? ???????????????????????????
????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
???????????? ?????????????????????????+) microbiota of CD4-Cre+ Rorc??????? mice 
and CD4-Cre- Rorc??????? ????? ???????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
??????????????????? ????????? ???????????????????? ???????? ???????? ???? ???????
??? ????????? ?????????????? ?????????????????????? ??? ??????????? ??????????? ???
??????????????????????????????????????????????? ???????????????+ and Cre- mice 
??????????????????????????? ???????????? ????????????????????????
???????????????????????? ???????????????????????????? ???? ?????????????????
???????????????????????????????????????????????????????????????????????? ?????
????????????????????? ????????????????????????????????????????????????????Cre+ 
Rorc????????mice and CD4-Cre- Rorc???????? ????????????????? ???????????? ??????????
?????????????????????????????????????????????????????????? ?????? ????????????
?????????????? ??????????????????? ???????????????????????????????????????????
???????? ??????????????????????? ??????????? ??? ????? ?????? ????? ???????????
?????????????????????????????????????????????????????????????????????????????




and draining LNs of CD4-Cre+ Rorc????????and CD4-Cre- Rorc??????? mice with CIA. 
??????????? ??????????????????????????????????????????????????????????????? ???
of IL-17A expression were decreased in SI lamina propria CD4+ T cells from Cre+ 
mice compared with Cre-????????????????? ?????????????????????????????????
??? ??????? ????? ????????????? ??? ? ??? ??????? ???????? ?????? ??????????????? ????
?????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
????? ??? ??????????????????? ????????? ???????? ????? ?????? ???????? ???????? ?????
non-Th17 cells, such as neutrophils and ?? T cells (see Figure 4),  are the likely 
sources of IL-17 in CD4-Cre+ Rorc??????? mice. 
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?????????????????????????? ???????? ??? ??????????????????????????????????????? ???????CD4-







?????????????? ???????? ?????????????????????????????????????????????????? ?????????????????? ????
????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????Cre+ and Cre- 





points). D = day; ND = not determined. 
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?? ???????? ???? ?????????? ??? ??????? ???? ????? ????? ? ??? ??????? ???????? ??????
?????????? ????? ???? ???? ?????????? ???? ???? ????????????? ????????? ????????
?????????????????? ? ????????????????????????????????????????? ???Cre- mice 
??????????????????????????Cre+?????????????????????????????????????Cre- mice 
?????????????????????Cre+ mice). IL-17F and IL-22 were undetectable in culture 
supernatants of SI lamina propria cells (data not shown). Moreover, draining 
LN cells from CD4-Cre- Rorc????????and CD4-Cre+ Rorc??????? mice with CIA showed 
???????????????????????? ??? ?????????????????????? ???????????????????????
????????????????????????????????????????????????????????????????????? ????????
LNs from Cre+?????????? ???????????????????? ????????????????? ????? ?????????
with  draining LNs from Cre-? ????? ???????? ????? ??? ????????? ??? ??????????
?????????????????????????? ???????????????????????????????????????????????
?? ???? ? ??????????? ?????? ???Cre-?????? ??????? ??????????? ???Cre+ mice) or IL-
?????????????????????????Cre-?????????????????????????????????Cre+ mice). IL-
????????????????????????????????????????????????????????????????????????????
???????????????????????????? ????????? ??????????? ???????? ???????? ???????????
???????????????????????????????????????????????????Cre+ mice compared with Cre- 
?????????????????????????????????????????????????????????????????? ????? ?????




between Cre- mice and Cre+? ????? ??????????????????????????????????????????





???? ?????????? ??????????? ???? ???????? ??? ?? ???? ???????????? ??? ??????? ????
????????? ???????????????????? ???????????????? ??????????? ??????????? ?????
????????? ???????? ?????????? ???? ??????????? ?????????????????? ??? Prevotella 
copri? ???????????????????????????????????????????????????????????????????????
????????????????????????????????? ????????????????? ??????????????????????????
related to Clostridium asparagiforme, Gordonibacter pamelaeae, Eggerthella 
lenta and Lachnospiraceae? ????? ????????????? ??? ?????????? ?????????? ???
Collinsella, Eggerthella, and Faecalibacterium? ???? ????????? ??? ???????? ?????
?????????????????????????????????????????????????????? ?????????????????????
???????????????????????????????????????????????????????????????? ?????????????
or established RA is not fully understood.
????????????????????????????????????????????????????????????????????????????
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??????? ?? ?????????? ????? ????????????????? ????????? ?????? ??? ????? ??? ?????????? ??? ????
????????????????????????????????????????????????????????? CIA was induced in CD4-Cre+ Rorc????????
and CD4-Cre- Rorc??????? mice, and cells from the SI-LP and draining LNs (DLNs) were analyzed for 
??????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????Cre+ and Cre- mice. 
???????????????? ???????????????????????? ??????????????????????????????????????? ??????????????
??? ?????? ?????? ????????? ????? ???? ???? ??????????? ???????? ???? ???? ????? ?? ???? ???? ??????????
?????? ??????????????????????? ?????????????????????????????????????????????????? ??????????????
in DLN lymphocytes (2x105 ????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????? ????? ????????? ????????????????????????? ????
????????????? ? ???????? ????????????????????????????????????????????????????????????????????
lymphocytes (2x105 ??????????????????????????????????????????????????????????????????????????????
???? ????????????????????????????????? ??????????????????????? ????????????????????????????? ????
????????????????????????????????????????????????????????????????????????????????????????????
???????????




involvement of microbiota-induced Th17 cells was not demonstrated. While 





????????????????? ?????? ?????????????????? ? ??????? ???????????? ????????????????




age-dependent increases in SI lamina propria Th17 cells are also observed in
527287-L-sub01-bw-Rogier




??? ?????? ?????? ?? ????????????? ??????????? ???????? ???????????? ????????????
mice and naive control mice, as was performed in the present study, is crucial 
??? ???????????? ????? ???? ????????? ??? ????? ?????? ??? ?????????????? ??? ????????????
???????????? ?????
???????????????????????????????????? ???????????????????????????????????????
??????? ????????? ?? ???, GM-CSF, and IL-22 by mucosal CD4 T cells just before 
??????????????????????????????????????????????????????????????????????????????
??? ???????????? ?????????????????? ?????? ???????????????????????????????????? ?????
????????????????????????????? ??????????????????????????????????????? ????????
?????????????????? ???????????????? ???? ????????????????? ????????? ????? ???
?????????????????????????????????????????????????????????????????????????????
cells during the immune-priming phase of RA may contribute to early, preclinical 
processes. 
?????????????????????????????????????????????????????????????????????????????
???? ???? ???????????? ??? ????????? ???? ?????? ???????? ????????? ??? ??????????? ??????
?????????? ??? ???? ??????? ????????? ???????? ????????????? ????????? ?????? ????
?????????????????????????? ?????????????????????? ????????????????????????
whereas CIA is chronic, immunogenic, and autoimmune. Chronic acute 
????? ??????? ??????? ??????????? ???????????? ??????????? ? ??????????????
cellular involvement, and mechanisms of pathogenesis. Therefore, these two 
???????????????????????????????????????????????????????????????????????????????
?????????? ?????????????? ????????? ??????????? ?????? ???????????? ????????????????
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????? ??????????
??? ???? ??????????? ??? ???? ??????? ??? ????????????Rorc? ???????? ??? ???? ??????





predominant role of other IL-17-producing cells, such as ?? T cells. Examining 
??????????????????Rorc??????????????????????????????????????????????????????????
?????? ?????? ?????? ?????????? ????? ???? ???? ?????????? ?????????? ???? ????
???????? ??? ??????????????????? ?????????????? ?????? ??? ??? ??????? ????? ???? ????? ???
?????????????????????????????????????????????????????????????????? ?????????????
????????? ??????? ??? ??????????????????? ?????? ????? ??????????????? ???? ??????????
?????????????????????????????????????????????????????????????????????????????
??????????? ???????? ??????????????????????????????????????????????? ????? ??????
????????????? ?????????????????????????? ?? ??????? ??????????????? ????????
??????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????? ??????? ??????????????????? ?????????
???????????????????????????????????????????????????? ?????? ???????????????????
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???? ???????????????????????????????? ???????????????? ???????????????????????????
?? ?????????????????????? ?????????????????? ???????????????? ??????????????
??????????????????????????????????????? ?????????????????????????????????????????
in Cre+? ????? ??? ???? ?? ?????????? ????????? ??? ???????? ??????? ???? ???????
???????????????????????????????????????
?????????????????? ???????????????????????????????????????????????????????
?????????????????????????????? ?????????????????????????????????? ?????? ????
?????????????????????????????????? ????????????????????????????????????????




While T cell IL-22 expression was increased in immunized mice during preclinical 
?????????????????????????????? ??????????????????????????????????????????????????
from the SI lamina propria or  draining LNs of mice with fulminant CIA. Therefore, 
???????????????????????????? ??????????????????????????????????????????????? ???
be restricted to the preclinical phase.
????????????? ??? ???? ????? ???????? ??? ????????? ??? ????? ????? ???? ??????
??????????????????????????? ??????????? expression in CD4-expressing cells may 
???????????????????????????????????? ???CD4-Cre+ Rorc??????? mice is incomplete. 
???????? ??? ??????????? ???????????????? ????? ????? ?????? ? ??????? ?????
???????????? ????????????????????????????????????????? ??? ?????? ?????????? ??? ????




????????? ??????? ???????????? ??? ?????????????????? ?????????? ??? ???? ???????????
?????????? ???????????????????????????????????????????? ?????????????????????????
???????????? ?????? ???????? ???? ?????????? ?? ??????????? ????????? ??????????
????? ????? ????????????????? ???????????? ?? ???????? ??????????? ??????? ??????????
????????????????????????????????????????????????????? ?????????????????????????
???????????????????????????????????????????????????????????????????????????
???????? ? ????????????????????? ?????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????
??????????? ??? ?????????? ?????????? ????? ?????????????????? ???????????? ???
???????? ????????????????????????? ???? ????????????????????????
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???????????????????????? ? ???????????????????? ???????????? ???????????+???????? ?????????? ???
???????? SI-LP, MLN, and PP lymphocytes from naive and immunized WT mice were isolated, re-
??????????????????????? ??????????????????????????? ??????????????????????????????????????????
????????????????????????????????????????????????????+??????????????????????????????????????????
???????????????????????????????????????????????????????????????+ T cells in the MLNs of naive and 
? ???????? ????????? ??? ?????????????? ??????? ?????????? ?? ????? ??????? ????????? ?????????
by CD4+ T cells from the PP of naive and immunized mice. (D) Percent expression of GM-CSF and 
?????????????????????????????? ??? ???????????????????? ? ?????????????? ?????????? ?????????????
??????????????????????????????????????????????????????????????????????????????????????
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1 .5 ?1 0 5
#IFN?+ 




1 .5 ?1 0 5
#IL-17A+




1 .5 ?1 0 4 * *
#IL-22+ 
CD4 + T cells
#TNF?+ 











1 .5 ?1 0 4
2?1 0 4
#GM-CSF+ 

























?????????????? ??????? ??? ?????????? ? ????? ???????????????? ??????? ???? ???????????? ?????? ???
??????????????????????????????????????????????????????????????????????? ???????????????????????
WT mice. The number of total SI-LP cells was counted via hemocytometer. (A) Absolute numbers 
???????+??????+, IL-17A+, IL-22+, and GM-CSF+ CD4+ T cells were calculated using values obtained 
???????????????????????????????????????????????????????????????????????????????? ??? ???????????


































































TCR?+ CD4+ TCR?+ CD8+ TCR?+ CD4+ TCR?+ CD8+
???????????????????????????????????????????Rorc? ??????????????? Genomic DNA was extracted 
from sorted CD4+ and CD8+ splenocytes from naive CD4-Cre- Rorc??????? and CD4-Cre+ Rorc????????mice. 
The Rorc gene ???? ????????? ???? ????? ??????????????? ???????????? ????????????? ???? ????????
amount of genomic Rorc??????????????????????????????????????????????????????????????????????
?????????????????
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????????? ?????? AIA was induced CD4-Cre+ Rorc????????and CD4-Cre- Rorc??????? mice for 7 days. (A) 
??????????????????????????????? ????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????? ??????????????????? ????????????
????????????????????????????????????????????????? ???????????? ???? ?????????????????????????????????
???????????????????????? ???????????????????????????????????????????????????????????? ????????
????????????????????????????????????????????????????????????????????????????????????????????
????????? ????????????????? ?? ??????? ???????? ???+ T cells (CD4+????+) in joint-draining lymph 
?????? ??????????????????????? ???????????????? ????????????????????????? ??????????????? ?????????
supernatants of DLN cells (2x105????????????????? ?????????????????????????????????????????????
analysis was performed via Mann-Whitney U test (to compare 2 groups) or non-parametric ANOVA 
?????????????????????????????????????????????? ???????????????????????????????????
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????? ??????? ????????? AIA was induced in CD4-Cre+ Rorc????????and CD4-Cre- Rorc??????? mice as 
???????????????????????????????? ????????????????????????????? ?????????????????? ????????????????
????????????????????????????????????????high Gr1+ cells and analyzing percent expression and 
??????????????????????????????????????????????-??????????????????????????????????????+, CD4- live 
cells and analyzing percent and absolute number of IL-17+????????????????????????????????????????
??????????????????????+???????? ???????????????????????????+?????+ cells and analyzing absolute 
number, percent expression, and MFI of IL-17+??????? ????????????????????????????????????????????
absolute number of IL-17+??????????????????????????????????????????? ???????????????????????????
???? ???? ??????????????????????????????????????????????????? ?????????????????????????????????? ???
performed via Mann-Whitney U test.
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????? ????????????????????????????????????? ?????????????CD4-Cre-Rorc??????? and CD4-Cre+Rorc????
???? ???? ???????????????????????????????????????????????????? ????????? ??????????????????????
of bacterial taxa at the (A) order, (B) family, and (C) genus levels are shown. Feces were collected at 









































































Cre-Rorc????????????CD4-Cre+Rorc???????? ???? ????????????????????????????????????? ?????????? ???
??????????? ???? ???? ?????????? ?????????????? ???????????????????? ?????CD4-Cre-Rorc??????? and 



















































































































Cre- Cre+ Cre- Cre+
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Forward primer Reverse primer
16s SFB 5'-GACGCTGAGGCATGAGAGCAT-3' 5'-GACGGCACGGATTGTTATTCA-3'





???????? Mouse 5’-CATCCTAAATACCCTCCAGTGC-3’ 5’-GGACTTCATCAATCAGGTGGA-3’
Rorc Mouse 5'-TTCCTTCCTTCTTCTTGAGCAGTC-3' 5'-CAGAAGAAAAGTATATGTGGCTTGTTG-3'
???????????? Clone Fluorochrome Manufacturer
annexin V ??? PE eBioscience
CD11b ????? Brilliant Violet 650 BioLegend
CD4 RM4-5 ?????? eBioscience
CD4 ????? APC eBioscience
???? 53-6.7 ??????????? eBioscience
???? 53-6.7 Brilliant Violet 785 BioLegend
Fixable viability dye ??? ????????? eBioscience
GM-CSF MP1-22E9 FITC BioLegend
Gr1  RB6-8C5 AlexaFlour700 eBioscience
???? XMG1.2 APC eBioscience
IL-17 eBio17B7 PE eBioscience
IL-17A ???????????? ??????????? BioLegend
IL-22 ??????? ??????????? eBioscience
????? B56 AlexaFlour700 BD
Ly6G 1A8 Brilliant Violet 785 BioLegend
????? ??????? PE eBioscience 
???? ??????? FITC eBioscience 
???? ??????? Brilliant Violet 421 BioLegend 
????? GL-3 APC eBioscience 
???? MP6-XT22 ????????????? BioLegend 
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of CD4-Cre-Rorc???????? ??????? CD4-Cre+Rorc???????? ????? ????? ????? ???????? ?????????? ???????????
????????????? ???????????????? ????????????????????????????????????????????????????????????CD4-
Cre-Rorc??????? and CD4-Cre+Rorc??????? mice with CIA. Feces were collected at day 41 of CIA, which 
was the endpoint of the experiment shown in Figure 4A. P values were calculated via Student’s T 
?????????????????????????????????????????????????????????????????????????????????????????????????
????? ?????????? ???? ?? ?????? ?????????? ????? ????????? ????? ???? ??????????????????? ???????????
O=Order, F=Family, G=Genus
Taxanomic ID Cre- mean Cre- SEM Cre+ mean Cre+ SEM P value
F_Lactobacillaceae 0.0235 0.0108 0.4817 0.2989 0.0093
G_Lactobacillus 0.0235 0.0108 0.4817 0.2989 0.0093
F_Bacteroidaceae 0.3152 0.1665 0.0010 0.0005 0.0174
G_Bacteroides 0.3152 0.1665 0.0010 0.0005 0.0174
G_Enterococcus 0.0076 0.0044 0.0000 0.0000 0.0337
O_RF39 1.3580 0.2029 0.8386 0.1341 0.0360
P_Verrucomicrobia 0.2111 0.2627 0.0867 0.0929 0.0364
O_Lactobacillales 0.0323 0.0105 0.4825 0.2996 0.0401




present in the feces of CD4-Cre-Rorc??????? and CD4-Cre+Rorc???????? ????? ????? ???? ???? ????????
microbiota. Feces were collected at day 41 of CIA, which was the endpoint of the experiment. 
P values were calculated via Student’s T test and a P value of less than 0.05 was considered 
????????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????
Taxanomic ID Cre- mean Cre- SEM Cre+ mean Cre+ SEM P value
F_Rikenellaceae 0.9457 0.1214 1.4609 0.0859 0.0250
G_Parabacteroides 0 0 0.001562 0.0007864 0.0346
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Supplementation of diet with non-digestible 
oligosaccharides alters the intestinal
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????? ????? ???????????? ?????????? ??????? ???????? ???????????????? ????????
????????????????????????????????????????? ???????????????????????????????????
???????????????????????????????????????????????????????????????????????????
??? ??????????? ?????? ????????? ??? ????????? ???????????? ?????????? ???????????
???????????????????????? ?????????????? ????? ??????????? ????????? ???????????
???? ???????? ??? ?????????? ???????????????? ???????? ?? ?????????? ?????????????
????????????????????? ???? ???????????????????????????? ???? ????? ?????????? ???
??????? ???? ??????????? ????????? ??? ???????? ???????????????????? ?? ?????????
??????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????? ?????????????????? ????? ????????????
???????????????????????????? ??????????????????????????????????????????????
???????????????????????? ????????????????????????????????????Enterococcus and 
Clostridium ????? ?????????????????????????????????????????????????????????
In contrast, the family Lachnospiraceae and the genus Lactobacillus, both 
???????????????? ???????????????????? ?????????? ???????? ?????????? ????????????




?????????????????????? ??? ????????????? ?????????????????? ?????????????????????
????????????????????????? ????????????????????????????????????????????? ???????
presumably healthy gut microbiota and improve bone mineral density, but not 
?????????????????????????????? ????
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???????????????????? ????? ??? ?? ?????????????? ??????????????????????????????
???????? ?????? ????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????
???????? ????????????? ???????? ??? ????????? ????????????????????? ??????????????
???? ?????? ???????? ??? ????????? ??? ??? ??????????? ??? ??? ??????? ??? ??????? ???
?????????????????????? ???????? ????????????? ??????????????????????????????? ????
??????????? ??? ????????????????????? ??? ?????????? ??? ????????????? ??????????
??? ????? ??? ???????? ??? ??????? ????? ????????? ????? ???? ??????????? ???? ??? ???
??????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
?????????????????? ?????? ????? ?????? ????? ?????? ???? ??????????? ??? ??? ????????
pathogenic mediator in RA, as these cells produce IL-17, a potent inducer of matrix 
??????????????????????????????????????????????????????????????????????????????
?????? ??????? ????????????????????????? ??????????????????????????????????????????
???????????? ??????????????????????????????????????????????????????????????
?????? ?????????? ??????????? ????????? ?????????? ? ????? ???????????? ???? ???
???????????????????????????????????????????????????????????? ??????????????
??? ????? ????????? ???????? ???????? ????? ?????? ????? ???????????? ???? ?????????
??? ???????????? ????????? ??? ?????? ???? ????? ????????? ??????????? ????????? ????
1Ra????? ?????????????????????????????????????????? ??????????????????????????????
??????????? ????????? ?????? ????????? ????? Prevotella-dominated microbiota of 
???????????????????????????????????????????????????????????????????????????????
????????????????????? ???? ?????????????? ????????????????????????????????????
Furthermore, colonizing mice with the human gut commensal ??????????? ????????
???????????????????????????????????????????????????????????????????????????
? ??????????????? ????????? ????? ??? ?????? ?????? ???????????? ???????? ????? ????
?????????? ???????????????????? ???????????????????????????????????????? ?????
?????????? ?????????????????????? ??? ???? ????????????????????? ??? ???????????
novel approach to suppress autoimmunity. 
??????????????????????????????????????????????????????????????????????????????
??????? ??? ??????? ?? ????????? ??????????????? ??????? ? ????????? ????????????
???????????????????????????????????????????????????????????????????????????
????? ?????????????????????? ???? ???????????? ???????????????????????? ????????
????????????????????????????????????????????????????????????? ????????? ???????
???? ??????? ??? ?????????? ????????? ????? ??? ?????????????? ???? ????????????? ????
????? ??????????????????????? ??????????????????????????????????????????????????










?????? ?????????????????????? ??????????????????????????? ?????????? ?????????
????????????????????????????????????????????????????????????????????? ?????
?????? ?????? ????????? ??? ?????????? ?????? ?????? ???????? ???????????? ?????????
???? ??? ?????????? ????? ????????? ?????????? ?????? ??? ????????? ????????? ????? ???
1Ra ?????????? ???????? ??? ???????? ?????????? ???? ?????????? ???? ??????? ????????
?????????? ??????????? ?????????????? ??? ?????????? Helicobacter spp. and 
decreased Ruminococcus spp. and Prevotella ?????? ?????? ???????????? ????????
?????????????????? ??? ?????????? ??????????????? ?????? ???????????? ???????????
???????????????????????????????? ????????????????????????????????????????????
IL-1Ra???? ??????????
??? ????? ?????? ??? ????????? ?? ??????????? ????????? ??? ???? ????? ???????? ????????
?????????? ????? ??? ?? ????? ????????????? ????? ??? ???????????? ???? ?? ???????
?????????????????????????????????????????????????????????????????????????







IL-1Ra ????????? ????? ??? ??????? ??????????? ????? ??????? ????????? ??? ???? ???
???????? ?????????? ?????????? ???? ????? ????? ??????? ??? ?????????? ?????? ??????
???????? ?????????????? ?????????? ???? ???? ?????? ???? ?????????? ????????? ad 
libitum?? ????? ???? ??????????????? ??????????? ????? ????? ??? ???? ?????? ??????
the average age at the start of the experiments was 8 weeks. Development of 
????????? ?????????? ???????????????????????????????????????????????????????????
scoring system as follows; 0, no redness and swelling; 0.25, slight redness; 
0.5, slight redness and swelling; 0.75-1, mild redness and swelling; 1.25-1.5, 
moderate redness and swelling; 1.75-2, severe redness and swelling. Only hind 
??????????????????????????????????????????????? ??? ???? ??????????? ??? ????? ???
????? ??????????? ???? ????????????????????????????????? ?????????????????????
?????????????????????? ???????????????????????????????????????????????????




????????????? ?????? ????????????????????????? ?????????????????????????????
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????????????? ???? ?????? ?????????? ???? ??????? ????????? ???? ????????????? ??? ??





????? ? ????? ?? ?????????????????????????? ???? ????????? ????????? ????????? ???
????????????????????????????????????????????????????? ????????????????????
????????????????????????????? ??? ????????? ?? ????????????????????? ????????
??? ? ????? ??? ?????? ?????? ????? ???????? ????????? ?? ????????????????? ??
V6 conserved DNA regions (forward primer 784F: 5’-AGGATTAGATACCCTGGTA-3’, 
???????? ??? ??? ??????? ????????????????????????? ?????? ???? ????? ?????????
???????????????????????????????????????????????????????????? ???????????????
???????? ???? ?? ???????? ????? ???? ???????? ?????????? ???????? ?????? ???????
???????????? ??? ??? ?? ???? ????????? ????? ????????? ????????????? ?????? ?????
??????????????? ???????????????????????? ?????????????????????????????????????




between samples with weighted UniFrac as distance measure as implemented 
?????? ?????????????????????????????????????????????????????? ??? ??????????
???????????? ?????? ????? ?www.Scipy.org), Graphpad Prism version 5.0, and 
??????????????????????????? ????????????
?????????
? ???? ????????????? ??????????? ??? ?????????? ?????? ?????? ??????? ????? ????????? ????
???????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
???????? ??? ?????? ????????? ???????????? ???????????????????????????????????
????????????????????????????????????????????????????????????????????????????





??? ?? ??? ??? ????? ?????????? ???? ???? ?????? ????? ?????????? ??? ?????????? ????????
???????????????????????????????????????????????????????????????????????????
The SI was placed in ice-cold PBS and mesenteric fat and Peyer’s patches were 
????????? ???? ???????????? ???????????? ???? ?? ?? ???? ?????????? ?? ??????
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????? ???? ???? ?????? ?????????? ???? ?? ?????? ????? ???? ???? ??????? ????????
??????????? ??? ??????? ???????? ???? ???? ???????????? ?????????? ?????????? ??? ???
????????????????????? ??????????? ???????????????????????? ???????????????????
???????????? ?????????????? ???? ???????????? ???????????? ??? ?????????????
???? ???????????? ?????? ???? ??????????? ????? ???? ?????????????? ?????? ???????
?????????????????????? ??????????????? ???? ?????????????? ????????? ???? ???????????
?????????? ??? ???????????????? ?????? ?????????????? ??????????? ???????????????
????????????? ?????????????? ???? ????????????? ???????????? ???? ??????????? ???
??????????? ??????????????? ??? ???????????? ???????? ???????? ???????? ????????




 Tissues were homogenized using a MagNA Lyser instrument (Roche). RNA was 
?????????????????????????????????????? ????????? ??????????? ????????????????????
??????????????????????????????????????????????????????????????????????????
using the SYBR green Master Mix (Applied Biosystems). ??? ??????????????????
??? ????????? ???? ?????? ??????????????? ??????? ?????????????????????????
?????????? ???? ??????????????????????????? ??????????? ???? ?????? ?????????
ACCCCTTTGCCAAAG-3’ (forward) 5’-TCCCCCAAGC AGTTGACAGT-3’    (reverse); 
???? ?????? ????????????????????????????? ?????????? ???? ??????????????
TTCAATTTGTGTTCTC-3’ (reverse); for FoxP3 5’-AGGAGAAGCTGGGAGCTATGC-3’ 


























??? ????????? ??? ????? ?? ? ???????? ???? ?????????? ??????????? ?? ?????????????
microbiota, IL-1Ra??? mice were fed either a control diet, or a diet containing 
????? ????? ???????????? ???? ????????? ?????????????????? ?????????? ???????? ????
??????????????????????????????? ?????????????????????????????????????? ??????
???????????????????? ??????????????????????????????????????????????????????
???????? ??? ???????????? ??? ???????? ???????? ??? ???? ?????????????????????? ????
???????? ?????????????????? ?????? ?????????? ?????? ??????????????? ??????????
???????????? ???? ??????????? ?????????????????? ????????????????????????????
between the experimental groups (Supplementary Table1). 
????????????? ??? ???? ???? ???????? ???? ??????????? ???????? ??? ???? ??????? ???
???????????????????????????????????????????????????????????????????????????
????? ??????? ??????????????? ??????? ??????? ??? ????????? ?????????? ????????????
???????????????? ????? ?? ???????? ??????? ???????????????? ???????? ??????????
???????????????????????????????????????????????????????????????????????????
???????? ???? ??????????? ?????? ??? ?????????? ????????? ???? ??????????? ???? ??????
?????????????????????????????????????????????????????? ????????????????????????
??????????????????????????????????????????????????????????????????????????
???????? ?????????? ?? ??????? ??????????? ????????? ??? ???? ??????? ????????????????
?????????????????????????????????????????????????????????????????????????????
??????????????? ???? ???? ????????? ??? ???????? ???? ??????? ??????? ???? ???????
???????????????????????????????????????????????????????????????? ????????????
1 and Supplementary Table 2).
???????????????????????????????????Lactobacillus was observed for mice receiving 
???? ????? ????????????? ????????????? ???????? ????????? ??????????? ??? ???? et 
al. ???????? ?? ???? ?????????????? ?????? ??? ????. The genus Barnesiella (family 








Turicibacter (family Erysipelotrichaceae) ???? ????????? ??? ???? ????? ??????
?????? ????????? ?????????????????????????????????????? ??????????, the genera 
Oscillibacter (family Ruminococcacea), Enterococcus (family Enterococcaceae), 
Streptococcus (family Streptococcaceae), Lactococcus (family Streptococcaceae) 
and Clostridium (family Clostridiaceae) ????????????????????????????????????????
???????????? ?????? ???????? ?? ???? ?????????????? ?????? ???? ????????? ????? ???
these taxa were highly dominant among the microbiota. None of the observed 
??????????? ????????? ????? ??? ???? ????? ???????????? ??????????? ?????? ??? ???







???????? ??? ???????????????????? ?????????? ??? ????????? ?????????? ??????? ??? ????????? ???? ?????
???????????? ????? ????????? ???????? ???? ?? ???????? ?????? ?????? ?????????? ?????? ???? ???? ????? ???
?????????? ??????????? ???? ??????????????????? ???? ??????????? ?????????? ??? ????????? ??? ?????????



















































phylumkingdom class order family genus
????????????????
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????? ????? ??????????? ??? ?????????? ????? ????????? ??? ???????? ?????????????
???????? ?????????????????? ????????? ?????????????????????????????????????????
?????? ????????????? ? ??????? ???????????? ????????????? ???????? ??? ??????????mice 
(Figure 2A). The bone mineral content (BMC) also tended to be increased in 
?????????????????????????????????????????? ????? ?????????????????????????????




































































?? ???????? ???????? ??????? ?????????????????????? ???????????? ???? ????????? ????
????????? ??? ????????? ????? ???? ???? ??????????? ???????? ???? ?????? ??????????
??????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
???????????????????????????????????? ?????????????????????????????? ?p=0.094; 
??????????????????????????????????????? ?????????? ??????? ????????? ????? ????????
?????????????????????????????????????????????????????????????????????????????
??????????????? ????????????????? ?????????????????????? ??????????????????
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????????????????????????????????????????????????Tbet, ????? and FoxP3 (relevant 
??????????????????????????????????????????????????????????????? ???????????????
??????????????? ??????? ???????????????????????Tbet and ?????????? ?????????????
??????????? ???? ?????? ???? ?????????????????? ???????????????? ?????????????
??? ????????????????? ???????????????????????? ????????????????????????????????
?????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????(A) ??????????????????????????????????????????????????? mice fed a control 
???????????????????????????????????????????????????????? ????????????? ????????????????? ??????????
???????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????? ??????????????????????????????????????????????????????????? ??? ??????
?????????????????????????????????????????? mice fed a control diet (n=5) or a diet containing either 







































































































































































?? ??????? ??? ???????? ???????? ?????? ?????? ???????????????????????????????
we replicated the experiment with IL-1Ra??????????????????????????????????????




doses on the abundance of Th1, Th2, Th17 and Treg cells in pLNs (Supplementary 
??????? ??????? ?????? ??? ?????? ?????? ??? ????????? ????? ????????????????????
???????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????
???????????? ???? ??? ?? ????? ???????????? ? ???????????????????????????????? ????
???????????????????????????????????????????????????????????????????????????
???????????? ???? ??????????? ???????? ?? ????? ?????????? ?????? ???????????? ????
?????????????????????????????????????? ????????????????????????? ????????????
????????????????????????????????????????????????Tbet, ????? and FoxP3 relevant 
???? ????????????? ??? ????? ????? ???? ??????? ????????????? ??? ??????????????????
lymph nodes (mLN) and spleen of IL-1Ra?????????????????????????????????????
?????? ?? ???????? ???????? ?????????????????? ???? ???????????????????? ????????
?????? ?????????? ?????????????? ??????? ??????????????????????????????????????
FoxP3 mRNA ??????????? ??? ???? ?????? ??? ????? ???? ??? ???????????? ?????????
?????????????????????????????????????????????????????????? ??????????????????????
(Supplementary Figure 4D). 
??? ???????????? ????????? ???? ?????? ??? ???? ????? ???? ??? ???????????? ????? ???
?????????????????????????????????? ????????????????????????????????????????????
?????????? ???????????????????????????????????????????????????????????????????
contained slightly increased percentages of Th17, Th1 and Tregs, however these 
?????? ??????? ??? ?????? ?????????? ???????????? ??????????????? ??????? ??????? ???
contrast, the percentage of IL-4 producing Th2 cells present in the SI-LP showed a 
????????????????????????????????????????????????????????????????????????????




??????? ????????????? ??? ???? ?????? ??? ??????????? ????????? ???? ? ?????????
?????????????????????????? ????????????????????????????????????? ??????????????
? ????? ??????????????????????????????? ????????? ???????????????? ??????????
??????????????????????????????????????????????????????? ???????????????????????
??? ????????? ???? ??????? ???????????????????????? ?????? ?? ???????? ?????????
?????????????????????????????????????????? ???????????????
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For the study presented here we used IL-1Ra????mice which spontaneously develop 
???????????????????????????????????????????????????????? ????????????????????????
?????????????????????????????????????????????????????????????????????????????




???? ????? ???????? ?????????????? ??? ?? ??????????? ????????? ??? ????????????????
spp. and Lactobacillus ssp.. Members of the family Lachnospiraceae have 
????????? ????? ??????? ??? ??????????? ??? ?????? ?????? ????????????????? ?????? ???











??? ????????? ??? ???? ????? ????????? ????????????????? ?? ????-infected mice with 
????????????????????????????????????????????????????????????????????? ??????
Another clinical study showed that the presence of Lachnospiraceae was 
associated with lower risk of ???????????? ?? ????? ????????? ??? ?????? ???????????
??? ??????????? ????????????? ????? ?????? ??????????????? ?????? ?????????????
? ????????? ????????? ??? ???? ???? ??????????? ??? ???????????? ?????? ????????
???????? ???? ?????????????? ??? ???????? ?????????? ??? ???????????????? ??????
?????? ???????? ???????????????????? ????? ???? ???????????????? ??????????????????
????????????????????????????
??? ?????? ???????????? ???????? ??????????????? ????? ????????? ??? ??? ??????????
??????????????????????????????????????????????????????????????????????? ??????????
?????????????????????????????????????????????Lactobacillus???????????????????
?????????? ????????????????????????????? ????? ??????? ????????????? ???? ??????




lcFOS supplemented formula showed increased ?????????????? and decreased 
Clostridium and Lachnospiraceae???????????????????? ???????????????Clostridium 
???? ?????????? ??? ???? ???????????? ????????????? ??? ???? ????????? ????????????
observed a strong increase in the family Lachnospiraceae???????????????????????
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????????? ??? ???? ?????? ?????? ????????? ????? ???? ??????? ????????? ??? ?????????
???????????????????????????????????????????????????????????????????????????
microbiome at start of treatment 
In this study we show that bone mineral density is increased in mice fed a diet 
????????????? ????????????????????????????????????????? ?????????????????????
?????? ??????? ????? ?? ???????????????????? ?????????????????? ?????????? ????
????? ??????????????????????????????????? ?????????????????????????????????????????
observed an increase in the abundance of Lactobacillus in the rats receiving 
???? ???????????? ?????????????????? ?????? ??? ????????? ?????? ???????? ?????????
???????????????????????????????????????????????????????????????????????????????
????????????????? ?????????? ??????????????????????????????? ??????? ?????? ?????
??????????????????????????????????????????????????????Lactobacillus, which lowers 
??????????? ???????? ? ??????????????? ?????????? ??????????????? ????????????
?????????????????????????? ????????????? ?????????????????????? ???????????
???????????????????????????????????????? ?????????????????????????????????????????
? ?????????? ??? ???? ????? ???????? ???????? ????????? ????? ???? ????????????
????????? ????????????????????????????????????????????????????????????????????
We previously showed that the aberrant microbiota in IL-1Ra???? ????????????????






???????????? ???????????? ?? ????????? ???????????????????????????????????????
????????? ????????? ??? ???????????????? ?????? ????? ??????? ????? ?????????????











???????? ???????????? ??? ????? ???? ???????? ??????????? ?????????? ??? ???? ??????
???????????????????????????????????????????? ???????????????????????????????
???? ??????????????????????????????? ???????????? ????????? ????????????? ??????
??????? ?????????? ???????? ???? ???????????????????? ?????????? ???? ?????????? ????
??????? ???????? ??????????? ??? ??????????? ??? ???? ?????????? ??????????? ??????
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???? ?????????? ??????????? ??? ????????? mice were characterized by 
?????????????????? ??? ???? ??????? Helicobacter, Rikenella, Butyricimonas 
and Streptococcus, while the genera? ???????????? ??????????????? ??????????????
Ruminococcus, and Barnesiella were underrepresented in the IL-1Ra??? mice 
???????????????? ?? ???????????????????????????????????????????????????? ????
Streptococcus were decreased and Barnesiella was increased compared to 
??????????????????????????????????????????????????????????????????????????????
restore the dysregulated microbiota of IL-1Ra??? mice. Treatment of IL-1Ra??? 
?????????????????????????????????? ??????????????????????????????????????? ?????
????????????????? ??????????Helicobacter?????????????????????????????????????









?????????? ????? ??? ???????????? ????? ????????? ???????? ??? ?????????? ?????????
???????? ??? ???????? ?????????? ????????? ??? ???????? ?? ???????? ???? ???????? ????
microbiota. In our study, we observed an increase in Lactobacillus genus and 
??????????????????????????????????????????????????????????????????????????
??????? ?????????? ??? ???????????? ?????? ?? ?????????? ?????? ??? ???? ????????????
????????????????????????????????????????????????????????????????????????????
???????? ???????????????????????????????????????????????????????????????????
??? ??? ????? ???????? ??? ?? ????????????? ??????????? ?????? ??? ???? ???????????? ???
????? ?????????????????????????? mice. Altogether, this study suggests the ability 
????????????????????????????????????????????????????????????????????????????
state and improving the bone mineral density.
527287-L-sub01-bw-Rogier






















8. ?????? ???? ???? ????? ??? ??????????????? ??? ????????????????? ??? ??????????? ?????????? ????????
rheumatology reports. 2009;11(5):365-70.
9. ???????????????????????????? ??????????? ????????????????????????? ?????????????????????????
Nature reviews Rheumatology. 2009;5(10):549-53.
10. ????????????? ??? ????? ??? ??????? ??? ????? ??? ??????? ???? ?????? ??? ??? ???? ???????? ???????
??????????????????????????????????????????????????????? ?????????????????????????????????
2010;328(5976):372-6.
11. ??? ??????????????? ???????? ???????????? ????? ????????????????? ????????????????????????????-
????????????????????????? ?????????????????????????????????????? ??????????????????????????
12. ????????????????? ???????????????????????????????????????????????????????????????????????









15. ?????????????????????????????????????????? ????????????????????? ?????????????????????????-
??????????????????????????????????????????????????????????????????? ????????????????????
??????????????????????????????????????????????????????????????????














19. ???????? ????????? ????? ???????????????????????????????????????????????????????????????????-
???????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????
20. ???? ??? ??????? ?????? ?????????????????? ?????????????????????????? ?????????????????????????
??????????????????????????????????????????????????????????????????????????????????? ?????
??????????????????????? ??????????????????????????????????????????????????????????????????
Allergy and Immunology. 2007;18(4):304-12.
21. ???????? ??? ????? ??? ??????????? ????????? ???? ????????? ??? ?????? ?????????????? ???????? ???








24. ????? ?? ????????????????????????????????? ???? ???????? ?? ? ??????????????????????????????-
??????????????????????????????????????????????????????????????????? ??????????????????????????




Pediatric Allergy and Immunology. 2011;22(5):537-42.
26. ?????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????? ??? ????????? ?? ??????????????????????
?????????????????????????? ???????????????????????????????????????????????????????????????????????
Immunology. 2010;40(5):795-804.
27. ????? ?????????? ?????????????? ????????????????? ??? ???????? ????????????????????? ??????????
?????????????????????????????????????????????????????????????????????????? ????????????
?????? ?????? ???????????????????????????????????????????????????????????????????????
28. ????? ?????????? ?????????????? ?? ????????????????? ?????????????? ??????????????????????????-
?????????????????????????? ?????????????????????? ?????????????????????? ?????????????-
?????????????????????????????????????????????????????????????????????????????????????????
29. ?????????????? ?????????????????????????????????? ???????????????????????? ?????????????????
??????????????????? ???????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
30. ??????????????????????????????? ???????? ???????????????????????????????????????????????????
?????????????????????????????????????????????????????????????? ????????????????????????????-
?????? ?????????? ?????????????????????????????? ????????????????? ?????????????????????????
31. ????????????????????????????? ???????????????? ?????????????????????????????????????????????-
?????????????????????????????????????????????????????????????????????????????????????????-




33. ??????????? ??????????????? ????????????????????????????????????????????????????????????
??????????????????????????????????????????????? ?????????????????????????????????????????-
bacteria. Applied and environmental microbiology. 2004;70(1):167-73.
34. ??????????????????????? ?????????????????????????? ?????????????????????????????????????-
????????????????? ????????????????????????????????????????????????????????????????
527287-L-sub01-bw-Rogier




35. ????????????? ???????????? ???????????? ? ????? ?? ??????? ??? ???????? ??? ?? ??? ?? ?? ??????
?????????????????????????????????????????????????????????????? ????????????????????????
36. ??????????????????????????????????????? ?? ???????????????????????????????? ??????????????
????????? ?????????????????????? ??? ??????? ???????????????????????????????????????-
nome research. 2011;21(3):494-504.
37. ??? ??? ???? ???????? ??????????? ???? ??????? ???? ???????? ?????????? ?? ?????????
?????????????????????????????????????????????????????????????????? ????????? ?????????
???? ?????? ?????? ????????? ????? ?????????? ?????? ?????????? ?? ????????????????????????
???????????????????????????????????????????????
38. ????????? ?????????????????????????????????????????????????????????????????????????????????????
improved alignments and new tools for rRNA analysis. Nucleic acids research. 2009;37(Data-
base issue):D141-5.
39. ??????????? ?????? ???????????? ???????? ????? ???????????? ?????????? ?????? ????????????????
?????
40. Cerf-Bensussan N, Gaboriau-Routhiau V. The immune system and the gut microbiota: friends 
????????????????????????? ?????????????????????????????
41. ???????????????????????? ?????????????????????? ??????????????????????????????????????
2016;535(7610):75-84.
42. ???????????????????????????????????? ? ???????????????????????????? ????????????????????
Gastroenterology. 2014;146(6):1477-88.
43. ??????? ???? ?????????????????????????? ???????????????????? ??????????????????? ???? ? -
mune system. Science (New York, NY). 2012;336(6086):1268-73.
44. ??????????????? ??? ?????? ??? ???????? ?????????????? ????????????? ?????????????????????????? ??? ????
?????????????? ??? ????????????????????? ???????????????????????? ??????????? ???????-
???????????????????????????????????? ?????????????????????????
45. ?????????? ????????? ??? ????????????? ??? ??????????????? ??? ?????????? ??? ???????????????? ???-





47. Furusawa Y, Obata Y, Fukuda S, Endo TA, Nakato G, Takahashi D, et al. Commensal mi-
?????????????? ????????? ???????? ???? ????????????? ??? ???????? ??????????? ?? ??????? ????????
2013;504(7480):446-50.




49. ??????????????????????????? ?? ?????? ?????????????????????????????? ????????????? ?????????
???????????????????????? ????????????????????????????????????
50. ?????????? ???????????????????????? ??????????????????????????????????????????????????????????
?????????????????????????????? ????????????????????? ???????????????????????????????????????-
??????????????????????????????????? ???????? ???????????????????????? ???????????????????
39.
51. ???????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????? ?????? ?????????????????????? ???????-
???????????? ??????????????????????????
52. ????????????????????? ?????????????????????? ????????????????????????????????????????? ??? ????
?????????? ?????????? ????????????????????? ??????????????????????????????? ?????????? ???-
??????????????????????????????????????????????????????????????????????????????????????????
527287-L-sub01-bw-Rogier















56. ????????? ???? ????????? ?? ?????????????????????????????????????? ???????????????????????? ????
?????????????????????????????????????????????????????????????????????????????????????????????
and clinical immunology. 2017.
57. ??????????????????????????????????????????????????????????????????????????????? ????????????
???????????????????????? ?????????????????????????????????????????????????? ???? ?????????
??????????????????????????????????????????








































































































????????? ??????????????? (A) Chao index1, (B) Shannon index, (C) PD whole tree are shown. (D) 
???????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????? ????????
??? ?????????????????????????????????????????????????????????? ????????????????? ?????????????
????????????????????????????????????????????????????????????????? ????????????????????????? mice 
?????????????????????????????????????????????????????????????????????????????????????????????? ?????
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??????????????????????????????????????????????????????????????????????????? mice fed a control diet or 
?????????????????????????????????????????????????????? ?????? ?????????? ????????????????? ????
per group. Treatment started when mice had a score of 0.75-1. 
527287-L-sub01-bw-Rogier
















































































































































??????????????? ????????????????????????????????????????????? ????+ Th1 (A) IL-4+ Th2 (B) IL-17+ 








??????????????????????? ???????????????????????????????????? ?????? ???????? ??? ????????????????
??????????????????????????????????????????????????????????????????????????????????????????????
??????????????????????????? ??????????????????????????????????????????????????????????????????????






































































































































































































































































































??????????????????????????????????????????+ Th1 (A) IL-4+ Th2 (B) IL-17+ Th17 (C) and FoxP3+ Treg 
cells among CD3+CD4+??????? ???????????????????????? ???????????????????????????????????? ????????? 































































































































































Control 8555 578 68441 545 55 4362 67350 ????? 33082 ????? n = 8
???????????
lcFOS
6544 644 45808 498 41 3487 44929 ????? 22674 ????? n = 7
???????????
lcFOS
6796 298 54364 422 23 3379 53845 ????? 22239 ????? n = 8
?????????????? ?????? ??? ???? ???????? ???? ?????? ??????? ??? ??????????? ?????? ???? ???????????
???????????????????????????????? ????????????????????????????????????????????????????????????
assigned to phylum or genus level are shown. 
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?????????????? ?????? ??? ????????? ????? ??????????? ???????????? ???????? ???? ??????????? ???
?????????? ???????????????????? ????? ??????? ????????? ????????? ??? ??????????????????????? mice fed 
?????????????????????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????? ?????????? ?????????? ?? ???????????? ??????? ???? ?????????
????????????????????????????? ???????????????????????????????????????????????????????????????????
the treatment group compared to the control group, while the color red indicates a decrease.










genus Turicibacter ????? ????? ????? -8.92 ?????
family Erysipelotrichaceae ????? ????? ????? -6.30 ?????
genus Clostridium ????? ????? ????? na ?????
family Clostridiaceae ????? ????? ????? na ?????
genus Lactococcus ????? ????? ????? -1.15 ?????
family Deferribacteraceae ????? ????? ????? -2.11 -2.91
genus Mucispirillum ????? ????? ????? -2.11 -2.91
family Streptococcaceae ????? ????? ????? -1.31 ?????
family Incertae Sedis XIV ????? ????? ????? 6.37 -2.25
genus ?????? ????? ????? ????? 6.37 -2.25
genus Streptococcus ????? ????? ????? -1.43 ?????
genus Lawsonia ????? ????? ????? 0.55 -1.69
genus Oscillibacter ????? ????? ????? -0.86 ?????
family Ruminococcaceae ????? ????? ????? -0.67 ?????
family Coriobacteriaceae ????? ????? ????? -1.12 ?????
genus Odoribacter ????? ????? ????? 0.56 -1.12
family Desulfovibrionaceae ????? ????? ????? 0.41 -1.09
genus Desulfovibrio ????? ????? ????? 0.17 -0.59
family ????????????????? ????? ????? ????? -1.47 -0.59
family Rikenellaceae ????? ????? ????? 1.01 ?????
genus ???????????? ????? ????? ????? -1.44 -0.56
genus Rikenella ????? ????? ????? 0.88 -0.51
family TM7 sub sub sub ????? ????? ????? 2.65 -0.45
genus TM7 genera incertae sedis ????? ????? ????? 2.65 -0.45
genus ???????????????????? ????? ????? ????? 1.64 -0.39
genus ???????? ????? ????? ????? 1.52 -0.25
family Enterococcaceae ????? ????? ????? -1.06 ?????
genus Enterococcus ????? ????? ????? -1.06 ?????
family Enterobacteriaceae ????? ????? ????? 1.77 -0.06
family Porphyromonadaceae ????? ????? ????? 1.14 0.42
family Lactobacillaceae ????? ????? ????? 0.42 ????
genus Lactobacillus ????? ????? ????? 0.42 ????
family Bacteroidaceae ?????? ?????? ?????? 0.12 0.65
genus Bacteroides ?????? ?????? ?????? 0.12 0.65
genus Parabacteroides ????? ????? ????? 0.71 0.77
genus Barnesiella ????? ????? ????? 0.31 ????
family Lachnospiraceae ????? ?????? ?????? 1.17 ????
family Alcaligenaceae ????? ????? ????? -2.41 na
genus ????????????? ????? ????? ????? -2.54 na
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?? ????? ?????????? ??? ?????????? ???????????? ??????? ???? ?????????? ????????????
????????????????????????????????????? ????????????????????????????????????? ?????
?????????????????????????????????????????????????????????????????????????
?????? ???? ????? ?????? ???? ???????????????? ??????????? ?? ??????? ??????? ????? ???
?????????????????????????????????????????????????????????????????????????????????
??? ????????? ??? ???????? ????? ??????? ????? ????????????????? ???????? ?????? ?????
??????????????????????????????????????????????????????????????????????????????
???????????????????????? ???????????????????????????????????????????????????
?????????? ??????????? ??? ??????????? ????????? ????? ???????? ??? ?????????? ???????
???????????? ???????? ???????? ???????????????? ???????? ?????????????? ??? ?????????





??????? ????????????? ?????????? ?? ????? ?????????? ??? ?? ???????? ???? ????? ?????
?????????? ????? ?????????? ??????????????????? ?????????? ???????? ????????
?????????? ?????????????????????????? ????????????????????????? ??? ?????? ???
???????? ???? ??????????? ???????? ????????????????? ?????? ??????? ???? ?? ???????
????????????????????????????????? ?????????????????????????????????????????
????????????? ???? ????????? ??????????? ??????? ???? ????????? ?????????????
???????? ???????????? ???? ????????? ??? ?? ????? ?????????????? ???????? ????????
??????????????????????????????????????????????????????????????????????????????
?????? ????? ????????????????????? ??? ?????? ??? ???? ???????? ??? ?????????? ?? ?????
? ??????????? ???????????????????????????? ????????????????????????????????
???????????
Interleukin-1 receptor antagonist (IL-1Ra) is a natural inhibitor of the IL-1 receptor. 
??????? ????????? ????? ???? ??????????? ??? ???? ???????????? ??? ????? ?????
?????????????????????????????????????????????????????????????????????????????????
?????????????????????? ??????????????????????????????????????? ?????????????????
??????????????????????????????????????????????mice depends on T cells and IL-17 
????????????????????????????????????????????????????????????????????????????????
in IL-1Ra???????????? ? ???????? ??????????????????????????????????? ??????????????
??????????? ?????????????????????????????????? ???????????????? ????? ?? ??????
??????????????????????????????????????????????????????????????? ??????????????????
??????????????? ???????? ??????????????????????????????????????????????????? 
??????????????????????????????????????????????????????????????????????????????
?????????? ? ????? ?????????? ??? ????????? mice (???????? ?). We demonstrated
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????? ???? ??????????????????????????????????????????? ??? ???????? ??? ????????? mice
????????? ??? ?????????? ?????? ??? ????????? ???????? ?????????? ???????????
characterized by overrepresented Helicobacter and underrepresented 
Ruminococcus and Prevotella could be observed. Our data suggest that IL-1Ra 
?????? ??? ? ???????? ????? ??? ?????????? ???? ?????????? ??????????? ?????????? ????
????????????
The aberrant microbiota in IL-1Ra????????????????????? ???????? ????????????????
??? ?????????? ??????? ???????? ????? ????????????? ?????????????? ????????? ??? ???
1Ra??????????????? ?????????????????????????????? ?????????????????????????????
???????????????????????????????????????????????????????????????????????????????
GF IL-1Ra???? ?????????????????????????????????????????? microbiota promotes the 
????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????? ????????????????????????????????????
in IL-1Ra???? ????? ?????????????????????????????????? ????????????????????? ????
????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
?????????????? ???????????? ??? ???? ????????????????? ????? ????? ??????????
??????????? ????????? ??????? ?? ??????? ????? ????????? ???? ?????????? ????????? ???
??????????????????????????????????????????????????????????????????? microbiota 
????????? ???????? ??????????????? ?????? ????????????????????????????? ?????????
??? ?????????? ?????? ???? ??????? ??????????? ??????????? ?????????? ?????????
??? ?? ??????? ????????? ??? ???? ???????Helicobacter, Flexispira, Clostridium and 
Dehalbacterium?????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????? mice from severe 
????????? ????????? ???????????? ??????????????? ??? ????? ??????? ??????????) showed 
that the aberrant microbiota observed in IL-1Ra???? ?????????????????????????????





????????? ??? ????? ???????? ?). Intervening in this interplay might provide new 
???????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????




???? ????????????? ?????????? ???????????????? ???????????????????????????????
?????????????????? ????????? ??? ????????? ???????? ????????? ?????? ???? ???? ??????
?????????????????????????????????????????????????????????????????????????????????
in the microbiota. For instance, the abundance of the phylum Bacteroidetes,
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???????????? ????????? ?????? ??????????????????????? ????????????????? ?????????
belonging to phylum Firmicutes and Proteobacteria, such as Ruminococcaceae, 
Lachnospiraceae and Desulfovibrinocaceae, expanded following a single 
?????????????????????????????????????????????? ??????????????????? ???? ??????????
???????????????????????????????????????????????????????????????????????????
????????????? ???????????????????
??? ???????? ????????????????? ???? ???????????? ?????? ??? ?????? ?????? ?????????
?????????????????????????? ? ????????????????? ??????????? ????????? ??? ??????
????????????????????????????????????????????????????? ???????????????????
????????? ??????????????????????????????????????????????????????????????????????
in joint-draining lymph nodes of immunized mice compared to naive mice. These 
data suggest that the preclinical phase of CIA is characterized by increased SAA 






????? ?????? ???? ????? ????? ?????????? ?????? ????????? ?????????? ????????
?????????? ???? ?????? ????? ????? ???????? ????????? ?????????? ???? ???? ?????? ????
???????????? ???????? ?????????? ??? ????????? ?????????? ????? ???????????????
?????????? ???? ???? ?????? ????????? ??? ??????????????? ?????????? ??? ????????? ???
???????????????????????????????????????????????????????????????????????????????
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Because the preclinical phase of CIA is characterized by marked changes in 
???? ????????????????????? ????????? ??????? ???????????????????? ???? ??????????
??????????????????????????? ?????????????????????????????????????????? ?????
???????????????????). Our studies in ????????? showed that mice 21 days post 
? ?????????????????????????????????????????????????????????????????????????????
?????????? ?????? ??????????????? ?????????????????????????????+ cells in SI-LP. In 
????????? ??????????????? ?????? ?????? ??????? ??? ? ????????????? ??????????
????????????? ??????????????????????????????????????????????????????????????
mice. Furthermore, Th17 cells from the SI-LP and mLNs of immunized mice more 
????????????????????????????????????????????????? ????? ?????????????????????????
????? ???? ???????????? ?????? ??? ???? ??? ??????? ?????????????? ??? ???? ????????? ???
??????????? ???????
?????????????????????????????????????????????????????????? ????????????????????
????? ?????? ????? ? ????????????????? ???????????????????????? ???????????????????
????? ?????? ???????? ???????? ?????? ??????????????? ?????????? ????? ??? ???????
????? ???????????? ??? ?????? ???? ????? ??? ????? ??????? ??????? ???? ????? ??? ???????




?????????????? ?????? ??? ????????? ??????????????? ???????? ??????? ???? ???????
?????????? ???? ????????????? ???????? ??? ?????? ????????? ?????? ?????? ??? ?????
????????? ?????
??????????????????????????????????????????????????????????????????????????????????
???????????? ??? ????????????? ????? ???? ???????????? ??? ????? ?????? ??? ?????????
depends on the microbial status of the host. To test this hypothesis, we replaced 
?????????????? ????????????????????????? ???? ????????????? ???????????????????
???????????????????????????????????????????????????????????????????????????????
?????????????? ????? ??????????? ????????? ?????????????????????????? ?? ????????
in the SFB free mice. This suggests that Th17 cells are only able to contribute to 
????????????????????????????? ???????????????????????????????????????????????
Our studies add to the previous evidence that the development and progression 
??????????????????????????????????????????????????????????????????????????????
????????????????? ?????????? ????????????????????????????????????????????????
????? ???????? ??????????? ??????? ??? ?????????????? ?????????????? ?????
??????????? ????????? ???? ??????? ???? ???????? ??? ?????????? ???????????????
527287-L-sub01-bw-Rogier




???????????????????? ???????????????????????? ?????????????????????? ???????????
In ??????????????????????????????????????????????????????????????????????????
???? ??????????? ???????????????????????? ?????????????? ??? ?? ???????????
????????? ???? ?? ??????????????? ?????? ?????? ????????? ??? ??????????mice. We 
????? ????? ?? ????????? ????? ??????????? ????? ???????????? ????????????? ????????
???????????????????????????????????????????????????????????????????????????
?????? ????????? ?? ??????? ??????????? ????????? ??? ???? ??????? ????????????????? ???
??????????????????? ????????? ????????????????? ????????? ??? ????????????????????
of the genera Lactobacillus. The genera Enterococcus and Clostridium were 






???? ??????????????????????????????????? ???? ?????????????? ????????????? mice 








??? ????? ????????????? ??? ??????????? ???? ????????????? ????????????????????? ????
??????????????????? ??????????????????????????????????? ???????????????????
????? ????????????? ????? ????????? ?????????? ??????????? ?????????? ??????????
???????????????????????????????????????????????????????????????????? ?????
???????????????????????????????????????????????????????????????????????????????
????? ?????????? ??????????????? ?????? ?????????? ??????????????????????????
?????????????????????????????????????????????????????????????????????????????
provided evidence that the preclinical phase of CIA is characterized by marked 
????????????????????????? ?????????????????????????? ???????? ??????????????
???? ????????? ???????????????????????? ???????? ????? ?????? ????? ???? ??????????
????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????
??????????? ???? ???????? ? ????? ?????????? ?? ?????? ?????????????? ??? ????
preclinical phase of RA and the involvement of mucosal immunity in this phase 
??????????????????????????????????????????????????????????????? ?????????????
????????????????????????????? ?????????????????????????????????????? ???????
??????????????????????????????????? ????? ?????????????????????????? ??????????
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??? ??????????? ????????? ??? ????????? ????? ???????? ????? ??????? ?????????





??????????????????????????????????????????????????????????????? ????????? ??? ??
????????????? ??????????????????????? ????????????????????????????????????????
???????????????????????????????????????????? ?????????????????????? ??????????
??? ?? ???????????? ????????? ??????????????? ?????????????????????????????????????
with Lactobacillus casei????????? ????????????????????????????????????????????
????????????????????????????????????????????????????? ?????????????????????
?????????? ????? ????? ???????? ??????? ?????? ?? ???????? ??????????? Lactobacillus 
acidophilus, Lactobacillus casei and ???????????????????????showed that this 
????????? ????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????Lactobacillus 
rhamnosus and Lactobacillus reuteri??????????????????????????????????????????????
???????? ???????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????
???????? ????????? ??????????? ????????? ??? ????????? ???? ?????????? ? ?????
?????????? ??? ???????????????? ???? ????? ???????? ???? ?? ?????? ???? ?????????
???????? ? ????? ?????????? ?????????? ???? ????? ???????? ??????????????????
molecule is Polysaccharide A (PSA) from Bacteroides fragilis. B.fragilis–derived 
???????????????????????????????????????????? ???????? ???????????????????????????
?????????? ??????????? ??????????????????????????????????????In vitro studies 
???????????????????????????????????????????????????????? ??????????????? ???????
?????? ???????????????????????????????????? ?????????????????????????????
????????????????????????????????????? ?? ??????????? ??????????? ????? ???????
??? ??????????????????????????????????????????????????????????????????????????????
?????? ??? ???????? ?? ????????????????????? ?? ??????? ????? ??? ???????????????
??????????????????????????????? ???????????????????????????????????????????????
??????? ??? ???????? ????????????? ?????????? ?????????? ???????????? ?????????????
????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????? ????????????????????????????
?????????? ???????????? ?????? ???????? ?????? ??????????? ??????????? ???? ????????
????? ??????????????
Furthermore, we showed that in the absence of SFB, Th17 involvement is 
not evident anymore. This suggests that Th17 cells are only able to mediate 









could be a mechanism by which SFB contributes to the development of 
????? ???????? ??? ??? ???? ????? ?????????? ????? ????????????? ?? ?????? ???????????
?????????????????????????????????????????????????????????????????????????????
?? ????????????? ???????????????????????????????????????????????? ?????????
implicated in the development of autoimmunity. T cell epitopes of two auto-
????????? ???????????????????????????????? ?????? ???? ??????? ?? ???????? ?????
recently shown to share homology with epitopes from proteins of the gut 
bacteria Prevotella spp. and Parabacteroides? ???? ?????? ????? ???? ???? ?????
?????????????????????? ??? ?????????????????????????? ???????????????????? ?????
??????????????????????????????????????????????????????????????????????????
???????????????????????????????????? ??????????????????? ????????????????????????
??????????????????????? ??? ?????????????????? ???????????????????????????+ T 
?????????????????????????????????????????????????????????????????????????????
????????????????? ?????????????? ?????????????????????????????????????????????
???????????????? ??? ????????? ??????????????? ????? ?? ?????? ??????????????????????
???????????????????????? ?????????????????????????????????????????????????
??????????? ?????????????????????????????????? ??? ????? ????????????????????????
????? ?????????????? ??? ???? ??????? ?????? ????? ???????? ???? ????????????? ????
????????????????????????????????????????????????????????????????????????????????
?? ?????? ?????????????? ??? ???? ??????????????????? ????? ?????? ???????? ????
???????????????????? ?????????????????????????????????? ????????????????
?????????????????????????????????




???? ??? ?????? ???? ?????????? ????????? ??? ???????? ????????? ????? ?????? ??? ????
Another approach would be to target host immune mechanisms triggered by 
???????????????????????????????????????????????????????????????????????????????
commensal bacteria, as these cells might be able to dampen the excessive Th17 
????????????????????????????????????????????????? ??????????????????????????
?????????????????? ?????????????????? ??????????????????????? ??????????????
???????????????????????????????????????????????
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chronische ontsteking van het synovium, ook wel het gewrichtskapsel genoemd. 
???????????????????????????????????????????????????????????????????????????????
bot. Dit belemmert de bewegingsvrijheid van het gewricht en veroorzaakt pijn. In 
het ontstoken weefsel bevinden zich grote hoeveelheden ontstekingscellen, o.a. 
monocyten, macrofagen, en B en T cellen. Deze ontstekingscellen produceren 
?????? ????????????? ?????????? ??? ??????????? ?????????? ?????? ???? ??? ?????
?????????????????? ????????????????????????????????????????????????? ???????
??????????????????????????????????????????????????????????????????????????????
aantasten. Alhoewel het onduidelijk is wat de precieze oorzaak van RA is, gaat 
???????????????????????????????????????????????????????????????????????????
ontstaan van de ziekte. Roken is een van de omgevingsfactoren die een rol lijkt 
de spelen in het ontstaan van RA. Daarnaast worden micro-organismen in onder 
andere de longen, mond en darmen in verband gebracht met de ontwikkeling 
van RA. 
? ????????????????????????????
In en op ons lichaam bevindt zich een grote diversiteit aan micro-organismen 
(o.a. bacteriën en schimmels). Al deze micro-organismen (en hun genen) worden 
????????????????????????????????????????????????????????????????????????????
en bevat voornamelijk grote hoeveelheden bacteriën. Darmbacteriën zijn van 
????????????????????????????????????????????????????????????????????????????
belangrijke vitamines en nutriënten. Daarnaast spelen ze een belangrijke rol in 
de ontwikkeling van het immuunsysteem. Er zijn echter ook slechte (pathogene) 
?????????????????????????????????????????????????????????????? ????????????
ons lichaam tegen pathogene bacteriën en zorgt voor een gezonde balans tussen 
????????????????????????????????????????????????????????????????????????????????
(Th) cellen vormen een belangrijk onderdeel van dit beschermingsmechanisme 
en kunnen worden onderverdeeld in Th1, Th2 en Th17 cellen. Daarnaast zijn er 
??????????????????????????????????????? ???????????????????????????????????
????????????????????????????????????????????????????????????????? ???????????????
ontwikkeling van auto-immuunziektes zoals RA. Th cellen zijn in grote aantallen 
????????????????????????????????????????????????????????????????????????????
in RA wordt ondersteund door verschillende dierstudies die onder andere laten 
????????? ?????????????????????????????????????????????????????????????????????
injecteren in een gezonde muis. 
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RA, suggereert dat de ziekte ergens anders begint. Steeds meer studies laten 
zien dat de darmen en de bacteriën die zich daar bevinden mogelijk een rol 
????????????????????????????????????????????????? ????????????????????????????
????????????? ???? ?????? ???????????? ??????????? ??? ??????? ????????????? ????
????????????????????????????????????????????????????????????????????????????
zich dragen en in een steriele omgeving leven, zijn namelijk deels beschermd 
???????????? ???????????????????????? ????????????????????????????????????????
?????????? ???????????????????????????????? ??????????????????????????????????
met verminderde ontsteking en schade in het gewricht. Daarnaast hebben 
verschillende studies aangetoond dat de diversiteit en samenstelling van het 
????????????????????????? ??? ???????????????????????????????????????????????
Prevotella copri?? ??????? ????? ????? ??? ?????? ??? ??? ?????????? ???????? ???????
bacteriën juist minder aanwezig zijn. Deze studies suggereren een link tussen 




??? ??? ????????????? ???? ?????? ????? ???????? ??????????? ???? ????? ???????? ????
??? ???????????? ??? ???????????? ???????? ?????????? ???? ? ????????????
????????????????????????????????????? ??????????????????????????????????????
? worden studies samengevat die er op wijzen dat T cellen in de darmen (met 
????????????????????????????????????????????????????????????????????????
een rol spelen in de ontwikkeling van RA. Daarnaast wordt de mogelijke rol 
???? ?????????? ??????????? ??????? ??? ???? ??????? ??????????? ????? ????? ?? ?????????
??????????????????????????? ?????????????????? ? ??????????????????????????
??????????????????????????????????????????????????????????????????????????????
??? ??????????? ??? ????? ??? ????????? ???? ????????????? ????? ?????????????
?????????????????????????????????????????????????????????????????????????????
op verschillende typen T cellen in de darmen. Dit maakt TLRs interessante 
???????????????????????????????????????????????????????????????????????????
Interleukin-1 receptor antagonist (IL-1Ra) is een natuurlijke remmer van de 
cytokine IL-1. Muizen die het IL-1Ra eiwit missen zijn vatbaar voor de ontwikkeling 
?????????? ???????????????????????? ????????????????????????????????? ???????
een belangrijke rol speelt in de bescherming tegen auto-immuniteit. Voorgaande 
???????? ??????????? ???? ??? ??????????????? ????????? ??????????? ?????? ??????????
is van T cellen en IL-17. Daarnaast is aangetoond dat kiemvrije IL-1Ra??? muizen
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???? ???????????? ???? ??????? ??? ??? ???????? ???? ???????? ??? ????? ???????? ???
te onderzoeken wat het ontbreken van het IL-1Ra eiwit betekent voor het 
darmmicrobioom en het immuunsysteem, hebben we de samenstelling van de 
darmmicrobiota van IL-1Ra???? ?????? ????????????????????? ??? ????????????? ???
IL-1Ra een belangrijke rol speelt in het onderhoud van de natuurlijke diversiteit 
en samenstelling van het darmmicrobioom. De verstoring van de darmbacteriën 
???????????????????????????????????????????????????????????????????????????
laten we zien dat kiemvrije IL-1Ra??? muizen veel minder IL-17 producerende 
Th17 cellen in zowel de darmen als in de rest van het lichaam hebben. Dit 
suggereert dat de darmbacteriën van IL-1Ra??? muizen een belangrijke rol spelen 
????????????????????????????????????????????????????????????????????????????????
groot deel van de darmbacteriën doodt, zorgde voor een sterke onderdrukking 
???????????????????? ?????????? ????????? ????????????????????????? ??????????
???????????? ????? ???? ?????? ???????? ???????????? ???? ????????????? ????
????????????????????????????????????????????????????????? ???????????? ???????
?????????????????????????????????????????????????????????????????????????????
??????????????????? ???? ???? ??????? ??? ??? ????????????? ???? ????????? ???????????
hebben we de rol van TLR4 bestudeerd. In eerdere studies is aangetoond dat 
IL-1Ra?????????????????????????????? ??????????????????????????????????????
?????????????????????????? ????????????????????????????????????????????????????
het darmmicrobioom deels hersteld is. Daarnaast laten we zien dat TLR4 een 
???????????????????????????????????????????????????????????????????????????????
IL-23 en IL-6) in de darmen. Dit impliceert dat TLR4 een belangrijke rol speelt in 
??????????????????????????????????????????????????????????? ???????????????
?????????????????????????????????????????????????????????????????????????????
??????????????????????? ???????????????????? ???????????? ??????????? ?????????? ???
???????????????????????????????????????????????????????????????????????????
??????????????????????
Meerdere studies suggereren dat darmbacteriën een rol spelen in de ontwikkeling 
?????????? ???????????????? ??????????????????????????????????????????????????????
het darmmicrobioom vooraf gaat aan het ontstaan van de gewrichtsontsteking. 
Daarom hebben we de darmbacteriën van muizen geanalyseerd voor en na het 
??????????????????????????????????????????????????? ??????????????. We tonen 
??????????????????? ???????????? ?????????? ????? ??? ?????? ????????????????? ??????
samenstelling van het darmmicrobioom veroorzaakt. Deze verandering was al 
aanwezig voordat er tekenen van gewrichtsontsteking zichtbaar waren. Deze 
??????????????????????????????? ???????????????????????????????????????? ?????
?????????????? ??????? ?????????? ???? ???? ??????????? ????? ??????? ????????????
???????????????????????????? ????????? ?????????? ???????
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CIA leidt tot een sterke vermindering van het aantal Th17 cellen in de darmen. 
???? ?????? ??? ???????? ?????? ??????????? ????? ????? ????????????? ????????????
??????? ?????? ??? ???? ??????? ?????????? ??????? ??? ???????????? ????? ???????
in de darmen en de ernst van de gewrichtsontsteking. Dit ondersteunt het 
???????????????? ????? ??? ???????????????????????????????????????????????????





?????????????? ????????????? ???????????? ??????? ?????????????????????????????
???????????????????????????????????????????????????????????????????????????
lijken te worden door de darmbacteriën. 
Omdat de preklinische fase van CIA gekarakteriseerd wordt door veranderingen 
in het darmmicrobioom hebben we onderzocht wat er met het immuunsysteem 
???????? ?????????????????????????? ?????????????? laten we zien dat muizen 21 
?????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????




???? ??????? ??? ??? ????????????? ???? ????????? ????? ??????? ??????????? ??????? ????
????????????????????????????????????????????????????????????????????????????
??????????????? ?????????????????????????????????????????????????? ???????????
???????????????????? ???? ????????? ?????????????????????????????? ????????????
??? ???????????? ??????? ??? ???????? ???????? ???? ????? ?????????? ????????
?????????????????????????????????????? ???????????????????????????????????
????????????????????????????????????????????????????????????????????????????
???? ????????????? ?????????????????????? ?????? ?????? ??????????? ??? ??? ?????
?????????? ??????
?????????????????????????????????????????????????????????? ????????????????????
het darmmicrobioom, hebben we getest of de betrokkenheid van Th17 cellen in 
????????????????????????????????????????????????????????????????????????????
???????????????????????????? ???????????????? ??????? ??????????????????
????????? ???????? ???? ??????????? ??????????? ?????????? ????? ??????????????
???????? ????????? ?????? ???? ??????????? ?? ?????????????? ?? ???????????????








????????? ?????????? ??????????? ???????????? ???? ???? ???????????????????
????????????????????????????????????????? ? ???????????? ?????????????????
????????????????????????????????????????????????????????????????????????????????
???? ?????? ?????????? ??? ??? ????? ??????????? ?????????? ??????? ???? ?????????
gebruikt kunnen worden om het darmmicrobioom te moduleren. In ??????????
???????????????????????????????????????????????????????????????????????????
????????????????????????? ??? ??????????? ???????????????????????? ???????????????
????????????????????????????????????????????????????muizen. We laten zien dat 
???? ??????????? ?????? ???? ????? ???????????? ?????? ???? ?????????? ?????? ?????
op het microbioom. We zagen onder andere een sterke toename in de familie 
Lachnospiraceae en het geslacht Lactobacillus. Daarentegen werden bacteriën 
behorende tot het Enterococcus en Clostridium geslacht duidelijk verminderd 
?????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????? ?????????????????? ??
???? ?????????????????????? ???????? ??? ????????????????? ????????? muizen met 
???????????????????????????????????????????????????????????????????????????
??? ?????? ??? ???????? ?????????????????????????????????????? ????????????????
???????????????????????????????????????????????????????????????????? ???????????
????????????????????????????????????????????????????????????????????????????
??????? ???? ??? ???? ?????????? ????? ??????? ????? ????? ???? ???????????? ??? ??????




??? ???? ???????????? ?????????? ?????? ????? ???? ?????????? ??? ? ???????????? ???
???????????????????????????????????????????????????????????????????????????????
Bovendien hebben we aangetoond dat darmbacteriën Th17 cellen induceren en 
??? ??? ?????? ????????? ??? ?? ???????????? ??? ????? ????? ???????? ????????











???? ??? ???? ????? ????????????? ?????????????????? ??? ??????????????? ??? ?????
????? ?????????????? ????????????????? ??????? ???? ?????????? ???????????? ???? ????
??????????????????????????????????????????????????????????? ???????????????????
???????????
???????????? ?? ?????? ?? ????????????????? ????????? ????????? ??????? ?? ?????
??????????????????????????????????????????????????? ????????????????????????




???? ????????? ????????????? ?????? ??? ???? ?????????????????? ??? ?????????? ???
???? ?????????? ??????????? ?????????????? ???????????? ???????????? ????????? ???




?????????? ????? ???? ?????????????????? ??? ????????? ????????????????????? ????
??? ????? ????????? ??????????? ?????????? ????????? ??????? ???? ???????????????
?????????? ??????????????????????????
??????? ??? ???????????? ?????????????????????? ??? ????????????????????????????
???????????????????????????????????????????????????? ???????????????????????
???? ???? ????? ????????????????? ??? ????????? ???????????????????????????
527287-L-sub01-bw-Rogier





Rebecca Laurence Rogier werd op 15 november 1988 geboren te Oss. Na het 
behalen van haar VWO diploma aan het Mondriaan college in Oss in 2007, is 
zij Medische Biologie gaan studeren aan de Radboud Universiteit Nijmegen. 
Tijdens haar bachelor liep zij stage op de afdeling Cellulaire Dierfysiologie onder 
????????????????????????????????????????????????????????????? ??????????????????
begon zij aan haar master Medical Biology, waarvoor zij stage liep of de afdeling 
???????????????? ??? ?????? ??? ????? ????????????????? ????????????? ????????
van dr. Bert van der Reijden. Daarnaast liep zij stage op de afdeling Experimentele 
Reumatologie van het Radboud umc onder begeleiding van dr. Shahla Abdollahi-
???????????????????????????? ?????????????????????????????????????????? ??????
diploma waarna zij begon als promovendus op de afdeling experimentele 




????????????? ?????????? ??????????? ?????? ???????? ?????????????????????????????
?????????????????????????????????????
527287-L-sub01-bw-Rogier






All (meta) data described in this thesis can be found at the department of 
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hulp, daarom wil ik graag een aantal mensen bedanken voor hun hulp en steun 
??????? ??????????????????????
Shahla, jij bood mij de kans om na mijn masterstage te gaan promoveren. Tijdens 
mijn stage kwam ik er al snel achter dat je een zeer gedreven persoon bent, die 
overal het beste uit wilt halen. Ondanks je vertrek naar New York heb ik onze 
?????????????????????????????????????????????????????????????????????????????
?????? ??? ???????????????????? ??? ???? ?????????? ????? ???? ??? ???????? ??? ???
denk dat we trots mogen zijn op de papers die de afgelopen jaren tot stand zijn 
?????????????????????????? ????????????????????????
Marije, bij jou kon ik terecht met vragen over mijn onderzoek maar ook voor 
bemoedigende woorden of een helpende hand op het lab. De sfeer in werkgroep 
?? ????????????????????????????????????????????????????? ??????????????????????









hulp stond ik nu nog muizen te scoren, gewrichten te snijden en PCRs te draaien, 
jullie zijn onmisbaar geweest voor mijn onderzoek. Bedankt voor de vele uren 
die jullie aan mijn onderzoek hebben besteed, maar ook bedankt voor de 
????????????????????????????????????????????????????????????????????? ???????????????
naast mij staat als paranimf. 
???????? ?????????? ??? ???????? ??? ???? ??? ??????????? ???????????? ??? ??????? ????
?????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????? ??? ?????????????????????????? ???
??????????? ?????? ???? ?????? ?????? ????? ?????????? ?????????????????????? ??????
??????? ???????? ??????????? ??? ???? ????? ????? ??????? ??????? ???? ??? ????? ??????
Bedankt voor alles dames! Debbie, mijn U-genootje, mede-werkgroeplid 
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samen veel plezier gehad, daarnaast was je nooit te beroerd om mee te helpen 
?????????? ??????????????????????????????????????????????????????????
????????????????????????????????????????????????????? ?????????????????????
??? ???????????????? ??? ?????????????????? ??? ???? ????????????? ??????????????
???????????????????????????????
?????????????????????????????????????????????????????????????????????????????
chapter 4 and 5. I enjoyed working with you. 
Ik wil ook alle andere collega’s van Lab reuma bedanken. Dankzij jullie ging ik 
??????? ????????????????????? ?????????????????????????????????????????????????
???????????????????????????????????????? ?????????????? ??????? ??????????????
Giuliana, Laurie, Arjan, Dennis, Wojciech, Ellen, Eva, Renske, Mathijs, Onno, 
??????? ???????? ???????? ???????? ????????? ??? ??????? ???????? ????? ??????? ??????
??????? ???????????????? ??????????????????????????????????????????????????????
??????????????????? ???????????? ??????????? ?? ????????? ??????? ????? ?????????
Aesculaaf bezoeken, en niet te vergeten de legendarische lablympics. 
?????????? ????????? ??????? ?????? ??????? ?????? ???? ??? ???? ??????????????
?????? ??????????????????????????????????????????????????????
????????????????????????? ???????????????????????????????? ???????????????????
bedankt voor jullie goede zorgen voor ‘mijn’ muizen.
Sija, Sanne, Niels en Margot, bedankt voor jullie inzet als stagiaires en bijdrage 
aan mijn onderzoek. Sija, Sanne en Margot heel veel succes met jullie eigen 
?????????????????????????????
Ilse, Elise en Sharon, mijn lieve vriendinnetjes uit Oss. Met jullie kan ik lachen 
om de domste dingen maar ook serieuze gesprekken voeren. Bedankt voor alle 
gezellige avondjes, etentjes, weekendjes weg en jullie oprechte interesse.
 
?? ????? ??????? ??????? ???? ?????? ??? ???????????? ????????? ?????? ?????????? ???
?????????????? ??????????????? ???????????????? ???????????????????????????????????
de zin en onzin van onderzoek. Bedankt voor je oprechte interesse en natuurlijk 
????????????????? ????????????????????????
?? ?? ???????? ?????? ???????? ???????? ???????? ?????? ??? ?????? ???????? ????? ???????
????????? ?????????? ??? ??????????? ????? ????? ????????????? ??????? ??????????
?????????????????????????????????? ?????????? ???
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Lieve familie, nichten, neven, ooms en tantes, helaas hebben we heel wat te 
verduren gehad de afgelopen jaren, ik ben trots op hoe we daar als familie mee 
om gaan. Gelukkig kunnen we ook weer dingen vieren. Bedankt voor jullie steun 
en interesse in mijn onderzoek. 
Lieve schoonfamilie, bedankt voor jullie oprechte interesse in mijn onderzoek en 
support de afgelopen jaren.
??????????????? ?????? ?????? ??? ?????? ?????????? ???? ????? ??? ???????????? ????????






de gaten houdt nu je zussen het mooie Oss hebben verlaten. David en Amber, 
bedankt voor jullie gezelligheid en steun. Amber, ik beloof dat ik vanaf nu de 
muizen met rust laat. 
Lieve papa en mama, bedankt voor jullie liefde en steun, zonder een veilig en 
liefdevol “thuis” was ik nooit zo ver gekomen. Ik hou van jullie.
Lieve Rik, jij bent het allerbeste wat ik aan deze periode heb overgehouden. Ik 
??????????????????????????????????????????????????????????????? ????????????????
??????????? ??????????????????????????????????????? ??????????????? ????????????
?????????????????????????????????????? ????????????????????????
527287-L-sub01-bw-Rogier




The role of intestinal
microbiota in T cell-mediated
experimental arthritis
L e s s o n s
r of m
h et
m o u s e
u tg
Rebecca L. Rogier
Voor het bijwonen van de 
openbare verdediging
van mijn proefschrift.













U bent van harte welkom op
de receptie na aﬂoop
Op dinsdag 19 februari 2019
om 14:30 precies
In de Aula van de Radboud 
Universiteit Nijmegen,
Comeniuslaan 2
6525 HP Nijmegen
T
h
e ro
le o
f in
testin
al m
icro
b
io
ta in
 T
 cell-m
ed
iated
 ex
p
erim
en
tal arth
ritis
Rebecca L. Rogier
Lesso
n
s fro
m
 th
e m
o
u
se gu
t
